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ABSTRACT 


A mathematical model for the AMCAWS-30MM weapon is developed using the 
generalized d'Alembert force equations. The development cf the one degree 
of freedom differential equation of motion for the weapon is shown. The 
equation accounts for operations including feed, eject, chamber locking, 
round crush-up, chamber translation, face cam rotation, and drum can 
rotation. The resultant equation is numerically integrated to obtain the 
time response of position, velocity, acceleration, and force for the 
major components. The solution is based on the known drive motor character- 
istics. 

The numerical integration is done using the HPCG subroutine out of the 
IBM SSP Math Library. The total program is modularized and inclusions of 
additional parts or design changes in the weapon can be incorporated without 


-atensive revision of the program. The program is written in FORTRAN. 


*Tne AMCAWS-30MM weapon is currently under development in the Advanced 
concepts Group, Aircraft and Air Defense Weapons Systems Directorate, 
General Thomas J. Rodman_Laboratory, Rock Island, 111. (SARRI-LW-A). 
AVICAWS TS a 00 milimeter single barrel weapon that utilizes an aluminum 
cased, fully telescoped, and consolidated propellant rotind with 
ballistic characteristics slightly better than GAU-8 rounds, The 
proto iye weapon fires ten round bursts at a nominal rate of 120 spm. 
he second prototype weapon has a nominal rate in excess of 400 spm, 


- OF SHYOWY - 
WALSAS MOGWIM L4VuoUTY 
YAGI WI WAIGIW GINVAGY 


x 


ve a 
Be soe ces. quia o's > 

4 
‘ 
a? 
: a 
{ Hl 
4 j t 
: 3 
a 
ae 


TITTY haar 


SECTION 


1.0 
2.0 
3.0 
4.0 
5.0 


6.0 


TABLE OF CONTENTS 


PAGE 
OBJECTIVE 1 
AMMUNITION/WEAPON DESCRIPTION 3 
GENERALIZED d'ALEMBERT FORCE METHOD 31 
NATHENATICAL MODEL FOR AMCAWS-30 38 
MODEI. INPUT 44 
CONCLUSIONS 57 


REFERENCES 
FUNCTIONAL RELATIONSHIPS COMPUTER PROGRAM (FRCP) 


GENERALIZED dALEMBERT FORCE PROCEDURE AND AMCAWS-30 
EQUATION OF MOTION DEVELOPMENT 


PROGRAM LISTING, FRCP 
PROGRAM LISTING, DYNAMIC MODEL 
PROGRAM LISTING, DATA SMOOTHING 


DISTRIBUTION LIST 


No. Figure Page 
2 AMCAWS-30 Cutaway Round. . . ©. «© «© © «+ « «© 4 
3 - 2 Drum Cam Assembly and Drive Train. . . . «. . «5 
3 Internal Drum Cam Campath . . . . . «6 «© «© « 6 
4 AMCAWS Assembly Drawing 73F40101-3 . . . . .. 8 
: 5 AMCAWS Assembly Drawing 73F40101-1 . . . .. . 9 
6 Face Cam-Eject Side . . . 6 6 6 ee eh eh eC «2 
> 7 AMCAWS Assembly Drawing 73F40101-4 . . . . . . XAl 
: 8 Feed Mechanism . . . 2. 2 «© © «© © «© © « « 12 
9 Eject Mechanism . 2. . 2. «© «© © © © «© «© « 13 
10 AMCAWS Assembly Drawing 73D40098 . . . . . . =. 415 
11 AMCAWS Assembly Drawing 73D40101-2 . . . . . . 16 
12 AMCAWS Assembly Drawing 73D40099 . . . . . . . 18 
13 AMCAWS Assembly Drawing . . . . « « «© « « © 1 
: 14 Round Function Sequence . . . «© «© «© «© «© «© «© 20 
; 15 Ready to Fire Assembly Drawing . . . . . . « 2h 
” 16 Weapon Showing Follower Stud . . . . . . « . 23 
17 Receiver Drawing 73F40270-2 . . . . . 6 « «= 24 
18 Buffer Assembly Drawing 72C40288 . . . . . ©. » 26 
. 19 Mount Assembly Drawing 73F40007 . . . .... 27 
- | : 20 Gear Drive Assembly Drawing 74F0066 . . . . . . 29 
- | 21 Input Motor Torque . . . + « «© «© «© «© « « «30 
Ss - 22 Simple Pendulum . 2. 2. 1. 6 6 ew 6 te ew ew BK 
x —_ 23 Cam Contact "Pinned Linkage” . . . . . . ©. + Al 
* 24 Dynamic Program Block Diagram . . . . . . . ~« 44 
.« ! 25 FCT Block Diagram . . . 2 ee ee ew ee 45 
- : ¥ 


No. Figure Page 
26 OUTP Block Diagram . . « «© «© «© «© «© « « 46 
27 Drive Motor Position vs Time. +. + + + + + 48 
28 Drive Motor Velocity vs Time + + +» + «+ + + 49 
29 Drive Motor Acceleration vs Time - .« + + + »« 50 
30 Smoothed Feed Data . . .« © «© «© «© © © « 92 
31 Smoothed Eject Data . . . . «© «© «© «© « « 53 
32 Smoothed Lock Data . . . .« «© «© «© « «© « 294 
33 Drum Cam Data . . 2. «6 «© «© «© «© «© «© «© « S55 


34 Weapon Timing . . . . «6 «© «© © © » «© « 56 


Al-1 FRCP Block Diagram . . . «6 « « «© «© © « Al-2 
Al-2 Drum Cam Angle vs Input Angle . . ... . . Al-3 
Al~3 Face Cam Angle vs Input Angle . . . . . . . Al-4 
Al-4 Feed Pawl Angle vs Input Angle . . . . . . £Al=5 
Al-5 Eject Pawl Angle vs Input Angle . . . . . . Al-6 
Al-6 Lock Ring Angle vs Input Angle . . ... . Al-7 
Al-7 Chamber Displacement vs Input Angle . . . . . Al-8 
Al-8 Graph of Chamber Drawing Data . . .. . . « At-9 
Al-9 Graph of Eject Drawing Data . . .. . . . £4Al-10 
Al-10 Graph of Feed Drawing Data . . . . . . . . Al-1l 
Al~ll Graph of Clevis Modal Data . .. ... . . Al-12 
Al-12 Feed Mechanism . . 2. «© «© © «© «© «© «© « « Ai-13 
Al-13. Eject Mechanism . . . . «© «© « © «© « « «AL-14 


Al-14 Complete Weapon Timing . . . . . . .« © . AL-15 


| 
| 
: 


Be 


| 


LNGE bane ae EE er ve Se ee ee 
No. Figure Page 
A2-1 AMCAWS~30 Black Box . . . A2-3 
A2-2 Drive Coordinates . . » A2-5 
A2-3 Drum/Face Cam Coordinates ; A2-8 
A2~4 Feed Coordinates . . A A2-11 
A2-5 Eject Coordinates . . A2-15 
A2-6 Lock Ring Coordinates . . A2-18 
A2-7 Chamber Coordinates . . A2-21 
A2-8 General Trenslating Mass . A2-23 

Table 
1 Simple Pendulum 34 
A2-1 Mass aua Inertia A2-26 


a a ee a aii . = : B iia ii tineiil i hailed tda a aneadiaann he 
i, este et pt rt IIA OA CLOT TEOOI BE  a e emnene— nmareen neteerA acrenhtene = 


1. OBJECTIVE 


The first prototype AMCAWS-30 weapon capable of operation in an automatic 
mode has existed since 2 May 74. That prototype has since shown a high degree 
of reliability in many ten round bursts and other lesser firing schedules. 

Those first automatic firings were the result of a design process historic- 
ally similar to the design of other medium caliber weapons. A new concept, 
approach, or need leads the designer to develop the design, using tools 
generally available to the draftsman (assemblies, sections, blowups, etc.). 
Parts are sized by a coarse static force analysis or by the intuition of the 
designer. Operational or dynamic forces are not investigated extensively. 

The drive motor, for example, on the AMCAWS was chosen because it was available 
and it was felt that it was "big enough". Throughout the complete design cycle 
including the initial layouts, a few part redesigns, and a very circumspect 
assembly there were several questions that begged answers. The questions 
included: 

(1) What is the complete position description of all the major 

components during a firing cycle? 

(2) ‘‘hat 13 the response of the weapon as a whole to different 

drive motors? 

(3) What are the forces between parts during weapon operation? 

(4) What is the effect on weapon performance when parts are redesigned? 

The AMCAWS-30 mathematical model provides the ability to answer these 
questions, The model is one degree of freedom and accounts for inertial, 


translational, and dissipative forces. Modeled components include the feed, 


eject, chamber, lock, and the drum/face cams. The model employs generalized 
d'Alembert forces to develop the differential equation of motion and uses 
functional relationships developed by a preliminary program to establish a 
component's positional dependence on a single coordinate, the motor input 
angle. 

The purpose of this report is threefold. First, it is intended to document 
the computer programs that make up the AMCAWS mathematical model package. The 
programs are discussed and listed in the appendices and contain excellent 
internal documentation. Second, the report is to describe the operationa? 
characteristics of the weapon. A brief ammunition description is in the 
next section and a detailed ammunition description can be found in the 
ammunition final report (1)* Third, the report will document the actual 
modeling procedure. 

The model package discussed in this report treats only the first proto- 
type weapon. The procedure employed, is, however, general and can be 


applied to a wide variety of weapon sys:ems and subsystems. 


*Numbers in parentheses designate References at end of paper. 


{ 
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2. AMMUNITION WEAPON DESCRIPTION 


The AMCAWS 30 weapon is the result of an advanced development program for 
a high performance 30mm automatic weapon system. The weapon has been designed, 
developed and fabricated in-house at Rock Island Arsenal. The weapon is exter- 
nally powered and various cams accomplish the feeding, firing, and ejecting of 
the round. The weapon treated by this report is the first prototype weapon 
which fires up to cen round bursts at a 127 shots per minute (spm) rate. 
Parenthetically, the second prototype weapon has a design rate of 500 spm. 
The second prototype is, as of the date of this report, some 90% fabricated. 
While the detailed description of the first prototype weapon may seem Tong 
and involved, the weapon itself can be characterized as clean and simple. 
Various cams ensure positive motions and the lateral feeding and ejecting of 
ammunition permits the absence of some of the more complicated extracting 


mechanisms used on more conventional weapons, 


2.1 AMMUNITION 

The AMCAWS 30 ammunition (Figure 1) is an aluminum cased and fully 
telescoped round. The case is one piece and has a .75 degree radial taper 
to the base. The main charge is consolidated and concentric about the 


projectile. The full weight of the round is about 9595 arains (1.37 


ot 
pound 


a\ 
Sj. 
Extraction forces after firing are very low, A complete ammunition 


description can be found in the ammunition final rv,ort (1), 


2.2 DRUM CAM 


The drum cam assembly (Figure 2) has several functions. Torque .from the 
drive unit is transmitted to the weapon through the 151 tooth external 


gear on the outside diameter of the drum. An internal cam path (Figure 3) 


\ 


7 


(NAOY AVMVLID CE-SHVOW 
T aunol4 


yr ae aaa é re Ad ae 


Pn 4 


3ONVHD NIvW aalvalnosNod: 
311D3rOud 


JOUVHD walsood. 
3SVD WANIWNIV 


. 


13S IVLNAWNOBIANS 


NIVULL SATNC INV ATEASSY WO LINUC 
Z au9Id 


i. A, 3 
(KINO GaSOduNnd LSAL Yod) 
YOLVIIGNI NOLILISOd L104 


ta 


OR HL 


id 


Yvad 


HLOOL st wVO Rhu dhe 


a 


apie 


Spt tk Poe 


id bitcaquies 


: 


FIGURE 3 


THTERNAL 


CAN CAMPATH 


DRUA 


controls the chamber motion of the weapon. A follower stud cantilevered 
from the chamber and passing through a receiver slot follows the drum cam 
path, thus providing the proper chamber motion. A lump can fixed to the 
inside diameter of the drum initiates the lock and unlock sequence 
(Figure 4). The drum cam is concentric to the weapon centerline 
(Figure 5) and is located over the rear half of the receiver. The face 


cam is locked to the front of the drum cam at weapon assembly (Figuire 4). 


2.3 FACE CAM 

The face cam (Figure 6,7) has cam paths that control the feed and eject 
functions for the weapon. The face cam is fixed to the drum cam at weapon 
assembly and is thus timed to the chamber and Tocking motions. The feed 
cam path (Figure Al-10) is followed by the feed rocker arm which transmits 
rotation to the feeding pawls through the feed shaft. The feed shaft is 
the center of rotation of the rocker and the pawis and is fixed via supports 
to the receiver, The total feed mechanism (Figure 8) places a new round of 
ammunition at the center of the chamber. While the new round is being placed, 
the fired case is being ejected from the system. The eject campath (Figure 
Al- 9) is followed by the eject rocker arm which transmits rotation to the 
eject pawl through the eject shaft. The center of rotation of this rocker 
and pawl is the eject shaft which is fixed to the receiver. The total 
eject mechanism (Figure 9) must allow the fired round to escape the chamber 
centerline. This is accomplished by waiting until the chamber is fully 
rearward and swinging the paw] up into an exposed chamber area so that the 
fired round can pass under the paw], As the fired round is passing under 
the paw] the pawl moves down into a dwel] position that will cause a positive 
stop for the new round being presented. After the stop is made the pawl 
swings out of the chamber area so that the chamber can be brought forward for a 


firing. 
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2.4 LOCKING/SEAR ASSEMBLIES 

As the cam drum rotates, the lump cam, located on the cam drum inside 
diameter (Figure 4) contacts the actuator. The unidirectional rotary 
motion of the cam drum is changed to a bidirectional oscillating motion of 
the actuator by their cam/follower relationship. The motion (Figure Al-13) 
is controlled by the profile of the contact surface of the actuator. As 
the lump cam moves along the actuator, it forces (cams) the actuator to rotate 
about its own pivot point. As the actuator rotates, it in turn rotates 
the lock ring to its locked position via a set of gear teeth on the actuator 
and mating teeth on the lock ring. Once in the locked position, the lump 
can! rides on the dwell portion of the aduator profile. Since the lump cam 
and actuator are in constant contact during this period no motion can occur, 
thus positive locking during the total lock dwell results. As the lump cam 
moves along the actuator, it centacts the unlock portion of the actuator 
profile. The actuator is forced (cammed) back to its original position and 
through the gear teeth it returns the lock ring to its original unlocked 
position. 

Located on the inside diameter of the lock ring is a smal] cam path 
(Figure 10). Riding on this smal] cam path is a bean-like object called a 
sear extension (Figure 11). As the lock ring is rotated, the small cam 
path lifts the sear extension, hen the Tock ring reaches its fully locked 
position, the sear extension is at the top of the small cam path and just 
enough lift has occurred so that the sear extension releases the weapon's 
main sear in the bolt assembly, If the lock ring does not turn to full lock, 
the sear extension cannot reach ful] lift, This feature prevents the gun 


from being fired in any position other than the desired full lock position. 
Since the lock ring is concentric about the longitudinal axis of the gun, 


the load on the receiver is also concentric about this axis, and therefore 


induces no bending moments to the receiver. 
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2.5 BOLT 


The bolt assembly is pictured in Figure 12. The firing pin is contained 
in the bolt housing and is driven by a spring with a rate (at assembled 
height) of about seven pounds per inch, The firing pin is held in a ready-to- 
fire position by the sear extending through the sear hole in the bolt housing. 
The firing pin is seared off as discussed in the Locking/Sear explanation. 

The firing pin can only be released from its ready-to-fire position when the 
weapon is fully locked. The bolt has about one-half inch of total travel 
relative to the receiver along the centerline of the weapon. In operation, 
the firing pin is seared off by the action of fully locking the lock ring. 
The firing pin drives forward and discharges the round, A fixed time elapses 
that allows the projectile to exit the barrel and the high pressure exhaust 
gases to bleed off, The lock ring unlocks and the chamber begins to move 
back. The fired round's case, the chamber assembly, and the boit assembly 
move rearward as a unit for about the half inch indicated in Figure 11 and 13. 
At this point the bolt housing impacts the backplate and the force of this 
impact frees the round case from the chamber wal]. The chamber assembly 
continues to move over the now stationary bolt assembly, thus exposing the 
fired round (Figure 14). The chamber-lock ring assembly moves rearward so 
far as to interfere with the bolt crosspin (Figure 12) and move it from the 


fully forward position (because the firing pin has been seared off) to its 
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fully rearward position (as shown). In the fully rearward position, the 


re eae 


tape 


firing spring is recompressed and the sear drops into the sear hole. The 


chamber is also fully rearward and load/eject operations take place. The 


EN ee 


bolt is ready for another cycle. The shoulder of the chamber interferes 


oa 


with the shoulder on the bolt head to bring the bolt away from the baseplate 
(Figure 13) and secure the round for the next firing. Figure 15 shows a 


round and all the components in a now ready to fire position. 
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2.6 CHAMBER 

The chamber is pictured in Figure 10 with the lock ring in place. The 
chamber is translated by the action of the drum cam pati through the follower 
stud. The stud is cantilevered from the chamber to the drum cam path. The 
stud is constrained to move within the receiver slot shown in Figure 16. 
In the automatic weapon assembly the handle seen in Figure 16 is replaced 
by the follower stud. 

The follower ‘stud is cantilevered as shown in Figure 4. The duckbills of 
Figure 10 are essentially extensions of the top and bottom of the chamber 
and serve to keep the round very close to the weapon's centerline during 
feed and eject. The matching tapers on the chamber and round cause line to 
line fit of the round and the chamber durirg the lockup phase of Figure 14. 
The chamber provides the support during the peak pressures, although the round 
itself performs al] obturation functions (1). Figures 13 and 14 show the 


chamber's relationships to the other components just prior to firing. 


2.7 RECEIVER 

The receiver (Figure 17) essentially acts as a housing for the chamber 
and bolt assemblies. The front end of the receiver has a set of lugs which 
xold the harre], The rear of the receiver has flanges cut that match the 
lock ring lugs (Figure 10) and against which the lock ring lugs seat during 
firing. In the unlocked position the lock ring lugs (thus the chamber) caa ; 
move down the receiver, but the locking operation turns the lock ring 15°, 
which lines up the lock ring lugs and the corresponding receiver flanges. 
The receiver is slotted (Figure 16 and 17) to provide a guide for the 
chamber-to-drum cam path follower stud. The forward area of the receiver, 
near the barrel lugs, is cut to allow brackets that connect to the buffer 
packs. The receiver window, just to the rear of the barrel lugs, is cut 


to allow the ammunition to be fed and ejected. 
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@.8 BUFFERS 

The buffer assembly drawing (Figure B) shovs one of the two identical buffers. 
The buffers are mcunted on the top and bottom of the weapon, as can be seen in 
Figure 19. The ring seen in Figure 16 onto which the front end of the buffer 
packs fasten clears the barrel and allows the barrel to move up and back within 
it. The ring has trunion mounts on both sides which allows the gun to fasten 
onto its firing platform. As can be seen from the assembly drawing (Figure 18) 
the buffers have the same preload and spring-rate in both recoil and counter-re- 


coil. These two spring factors are variable simply by changing the belville 


spring packs. Currently the weapon has nineteen sets of double springs in 

each buffer pack which gives a preload and rate per buffer of 3500 pounds and 

10,700 pounds per inch respectively, although Figure 18 indicates triple 
spring sets in an elongated buffer. 


Upon firing, a peak force of up to 200,000 pounds is developed against 


the flange lugs on the receiver, This force (more properly, the firing 
impulse) is transmitted through the receiver to the buffers which lengthen 
to absorb the recoil energy of tne firing. The buffer begins to counter 
recoil and eventually damps out prior to the next shot. Typically recoil 

is (for the preload and rate discussed) 1.20 inch and the counterrecoil is 
.75 inch, The system is completely damped in .120 seconds or 1/5 of a cycle 


at 121 spm, 


2.9 BARREL 

The barrel joins the receiver with a set of Tugs as shown in Figure 15. 
Mechanically the barre] acts only as a recoiling mass although rifling 
torques (2) might be significant in a multiple degree of freedom model. Note 
the cut away portion of the barrel at the muzzle end in Figure 13. This gives 


clearance to the chamber duckbills (Figure 10) during the chamber forward 


portion of the firing cycle. 
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2.10 DRIVE TRAIN 

The gear drive assembly (Figures 2 and 20) allews four final shots per 
minute rates, 90, 121, 18%, and 242. The prototype weapon is limited to 
121 spm because there is insufficient lock time (time necessary to sear 
off the firing pin, obtain projectize exit, and bleed of the high-pressure 
gasses) designed into tie drum cam path to allow the higher rates. At 
321 spm the 59 tooth gear from the motor drives a 120 tooth pickup gear. 
The 16 tooth pinion gear which is part of the shaft for the 120 tooth gear 
then drives the 151 tooth gear on the outside diameter of the drum cam 
(Figure 2). The torque-speed curve for the motor is shown in Figure 21. 
This curve is from data supplied by Aeronutronic-Ford. The drive motor 
itself is from an XM-140 system. Since a firing occurs once every 360° 
rotation of the drum cam, a quick calculation indicates in the 121 spm 
configuration a firing cycle completes every 6910° rotation of the 59 tooth 
motor gear. The 59 tooth gear angle is the input angle for the mathematical 
model developed. Zero degrees input angle is defined so that the drum cam 
is also at zero degrees (as a reference, che weapon actually fires when 
the drum cam is at about 33° rotation, or 541° rotation of the 59 tooth 


gear). 
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3. GENERALIZED d'ALEMBERT FORCE METHOD 
Obtaining the differentia? equation of motion for a dynamic system is 
obviously one of the important things that must be done in order to achieve 
the position description (the solution) of the system, Utilization of 
d'Alembert's principal (F-Md=G) and virtual work arguments allows a derivation 


of the generalized d'Alembert equation, with constraints (5). The equation 


L 
BPs fps pe hae (3.1) 
jar 9 aq, £21 3a, 


explained more fully in Appendix 2 and Table 3.1, allows the methodical 
generation of the differential equation of motion. The d'Alembert equation 
as expressed in Eq. (3.1) handles, for a generalized coordinate set and any 
degree of freedom, external forces applied to the system, d'Alembert forces, 
and closed loop constraints. The formulation is not limited to linear or 
"linearized" motion, in fact, DRAM (6) is based on Eq. (3.1) and the DRAM 
program development is partly based on a need for a general program to 
facilitate computer aided design of large, linear or non-linear, displacement 
systems of the type found in most machines. 


The d'Alembert equation (3.1) reduces to 


7B «8% = 0 (3.2) 


for the AMCAWS 30 system (Appendix 2). The AMCAWS system is somewhat simple, 
having only one degree of freedom. Representation of the AMCAWS system as 
single degree of freedom is achieved by the representation of the various 
weapon cams as motion generators, Another simplifying factor is that AMCAWS 
is essentially a two dimensional system, 

Since there are over twenty effective forces that must be considered, an 


explanation of the procedure used to obtain the differential equation of motion 


et teme 


(Sheep ee a we 


33 


using the AMCAWS weapon as an example would be unnecessarily detailed. The 
exampte chosen for illustration is the simple pendulum shown in Figure 22. 
The pendulum is a one degree of freedom system in two dimensions. 


Eq. (3.2) holds and using the terms indicated in Figure 22 Eq. (3.2) can be 


written 
3 > 
3a 
E ¥, ie 6 
jel 20, 


(3.3) 


There are three effective forces ‘rotational and translational d'alembert forces and 


gravity) acting on the pendulum bar, hence j = 1,2,3. j 


relatively straightforward application of vector analysis. 
For j=l, ¥, is the rotational d'Alembert force 1,05 k. 


F 1.0, k 
1 7 749% 


2 


(all the coordinates in this report are right-handed). 2 


part 2 about the center of rotation, point 0. 


ground. 


is a, with 
+ > 1 9 
ay const + 2 k 


I. is the moment of inertia of 


> 
a, is a vector from some point 


in ground to the point of application of the F, being considered. 9, is the angle of 


the bar measured as indicated in the figure and is, of course, the degree of freedom. 


The blow~by~blow procedure of determining the differential equation of motion is a 


(3.4) 


a 


0, is the second time derivative of 9, (angular acceleration in two dimensions). k 


4s the unit vector about which the rotation takes place and is aefined in Figure 22 


Note that part 1 is, by convention, 


> 
The point of application from some point. in ground to the point of application of ary 


(3.5) 
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The partial derivative with respect to 8, is 


> 
+ da, sae (3.7) 
1° 30, 2 


for j=2, F, is the translational d'Alembert force -mBy Pee is the second time 


derivative of a vector from a point in ground to the center of mass of the bar. 


Since 
> > > 
Po, = const + Poe ; (3.8) 
kd ee + » 
Poe is identically TQ! The point of application of Fy from the ground point is aos 
with 
> i > t + > 3 9) 
a) * cons Toe (3. 
a ko} 
pee Asad Gees (3.10) 
985 pn eee 


> ees ° s A 22 > > : 
Ton = Xae% ae + ar, 8, (k x THQ) - 05 Too + 8, (k x ro.) (3.11) ; 
Since the bar is of fixed length there is no change in length in time and 
oq = Xoe * 0 (3.12) 

+> > > a. 28 > 

* 89, = aor atk ve 8, (k = To.) es > : 2 
= he ae (Kk x, ) where r, is inextensiable 
98, Ot 8, 2 bo 2c 2c 
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yielding for Eq. (3.11) 


a i Bei sake ac 

oq 7 89 (kx ry.) = Ory, (3.13) 
Thus 

> =a oe a > _ 0 2-> 

By = ~my {Oy (k x ro) - 8r5,) (3.14) 
and the dot product becomes 

da 
> 2 ae ye : 


for j=3, i, is the gravity force. The gravity field is considered to act at the mass 


center with 
¥, = -mgj. (3.16) 


The point of application (ay) is vector ays The dot product for j=3 is then 


> > 

da, a, ‘ A oe 
Cem eB FO | ee UW 1). , == A) 17 
ry v0, F., 30, (-mg j) . (k x ro.) ry me sin 0, (3.17) 


The sum of the right hand sides of equations (3.7), (3.15), and (3.17), when set to 


zero, is the differential equation of motion for the pendulum system of Figure 28, 


5 od 
ee ee: ee ee ee Z 
jaa J 28, 18, -mr5, 0 ~Y>me sin 9, = 0 (3.18) 


pe, 5s 2 
= ~(I + MY» 8» — Ty mg sin 0, = 0 (3.19) 


Eq. (3.19) is the differential equation of motion, Generally, in development 


2. 
7 


| of such an equation, translational d'Alembert forces and gravity forces 


are lumped, since they have the same point of application. A tabular form 
of bookkeeping, such as used throughout Appendix 2 and in Table 1, is useful 
in documenting the procedure without undue space or verbiage, Table 1 is 
the development of the differential equation of motion for the system of 
Figure 22 with the translational d'Alembert force and gravity force combined. 
The equation of motion for this particular example is easily obtained 
with any number of other approaches. The simplicity of the generalized 
d'Alembert Force procedure claimed is not overwhelmingly apparent in a 
trivial example such as the pendulum, but for additional degrees of freedom 
or a single degree-of-freedom system with as many effective forces as the 
AMCAWS 30 the method provides an efficient well defined procedure for 


generating the differential equation of motion for dynamic systems. 
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4. MATHEMATICAL MODEL FOR AMCAWS 30 


The AMCAWS 30 MM weapon system, while seemingly difficult to describe 
(Section 2), is easily modeled. This is because the model need not be as 
detailed as the description. Many parts can be lumped, other parts can be 
ignored, and some complex operating characteristics can be simplified (as 
long as accuracy is maintained). 

The component actions and interactions of major interest are those 
associated with feeding, ejecting, chambering, and locking. Drive motor 
torque requirements are also of major interest. A discussion of the 
Simplifications and a defense of why some parts and components are not 
included is pertinent. 

The greatest simplification in the mode? evolves from the fact that 
AMCAWS is one degree-of-freedom. The specification of the input angle 
(which is, again, the degree-of-freedom) in turn specifies all the positions 
of the major components listed. The specification of the first an‘ second 
time derivatives of the input motor in turn specifies all the component 
velocities and forces. This fact can be exploited by creating a table 
that allows each component's position to be described as a function of the 
input angle. This has been done and is the Functional Relationships Computer 
Program (FRCP, Appendix 1). The FRCP, using the geometric constraints of the 
cams and followers, generates an extensive table of each component's position 
versus motor input angle. While the FRCP is more fully discussed in Appendix 3, 
briefly the program is a FORTRAN description of the weapon that has the 
positional table as primary output. The program traces through one firing 
cycle in 360 steps. For a given weapon geometric configuration (cam rises, 
follower arm lengths as opposed to a given weapon mass configuration), the 


FRCP need be run only once. The singie degree of freedom allows an 


aa ere me 


Ne eee 


"uncoupling" of the major components and allows each one to be considered 


separately. The FRCP develops the positional response of each component 
with respect to the deqree-of-freedom (input angle). The tables enable the 


dynamic program {Appendix 3) to treat each component as essentially a separate 


» 


problem completely unrelated to any other component. Appendix 2, which is 
the detailed development of the differential equation of motion for the 
AMCAWS-30, does exactly tnat. The simplification is that each component has 
a "local" degree-of-freedom which is explicitly a function of the motor 
input angle. The terms contributing to the equation of motion are easily 
identified and calculated in terms of the local coordinate. As a final 
step the dot product terms of the components are expressed in terms of the 
motor input angle. The dynamic effects of an individual component on the 
rest of the system are correctly accounted for when the terms from each 
component are summed, but this interaction need not be considered when 
developing the terms for the individual component. 

A second simplification occurs in the FRCP itself. The feed system 
(Figure 7) is composed of a face cam path of some width, a roller bearing 
follower of diameter slightly less than the cam path width and the rocker 
arm which transmits motion through the shaft to the dual feed pawls. The 
cam path to rollerbearing contact is an exampie of contact between higher 
pairs (as contrasted with lower pairs) and position, velocity, and force 
solution are not trivial (3,4) in terms of difficuity of incorporation 
into the dynamic model itself and CPY time of running. While the higher 
order pairs (a1 the cam contacts) could all be simulated with the 
generalized d'Alembert force procedure (4) the increase in accuracy of the 
positional sclution and the velocity and force solutions is not felt to be 


significant enough to warrant inclusion at this time. The simplification 
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made is, for the feed and eject : ides, a pinned linkage (shown in Figure 23). 
The length of bar s corresponds to the rise of the cam for the given rotation. 
The internal angles of the linkage are computed and eventually all the 
angles of Figure 23 can be computed. The positional solution for the feed 
and eject components are achieved in this manner. The velocity and acceler- 
ation solutions are accomplished in the dynamic model. Part to part forces, 
such as cam path to roller bearing are determined as the result of force 
equilibrium. The recasting of the higher pair feed and eject contacts into 
lower pair pinned joints is an important simplification. 

There are other higher pair contacts that have been recast into more 
easily solved problems. The drum cam-chamber motion is through a follower 
or the stud. The FRCP treats chamber motion entirely as a result of a dis- 
placement function, the function itself being the rise versus rotation data 
on the drum cam drawing. The gear sets in the drive assembly are higher 
order pairs. The common simplification of assuming no losses through an 
individual set and assigning a total loss proportional to the power trans- 
mission through the entire assembly is made in the dynamic model. The live 
round being fed into the chamber is a higher pair contact, since the round 
slides on the feed pawl surface during the load cycle. This pair has been 
ignored by placing the actual ammunition mass at the pawl end during the time 
the round is being placed into the chamber and setting that mass to zero while 
the feed pawls retract. The lump cam-clevis pair for the locking ring is a 
higer order pair. The position solution for this pair was achieved by a 10x 
cardboard model of the cam surfaces. Quite sophisticated. 

Two major assemblies are not explicitly in the model. The bolt assembly 
appears as a translating mass in the chamber routines and the sear spring 


compression is treated as a spring force acting on the chamber. The firing 
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pin travel after sear off is not pertinent to the overall model and is not 
modeled. The buffer assembly is not treated at all. This, in effect, ignore 
any recoil of the weapon due to the round impulse. The recoil of the weapon 
is an independent degree-of-freedom that could be included at a later date 
if deemed necessary. Firing pin motion could also be treated as even another 
degree-of-freedom. Neitner of these two possible additional degrees of 
freedom is impertant to the major parameters of current interest (feeding, 
ejecting, chambering, locking, torque). 

The power input into the weapon system is modeled as a torque versus 
RPM curve (Figure 21) for the drive motor. A table lookup yields the torque 
input to the system from the drive motor for any specified RPM. Evaluating 
different motors is oniy a matter of substituting the different torque 
curves. 

An extremely important aspect of the model is the drag forces and 
other sources of power loss through the weapon, These are not yet implement 

The mathematical model is the differential equation of motion for the 


system described. The complete equation for that system is 
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= 0 (4.1.a) 
which is rewritten 
ao + bd = 0 (4.1.b) 
This ordinary differential equation is integrated numerically using the HPCG 
routine out of the IBM-SSP library (all the routines used by the FRCP and the 
dynamic program are included with their respective listings). HPCG uses Hamming's 
predictor-ccrrector method coupled with a Ka.ston modified Ri .ge-Kutta procedure 
for start-up values (7), HPCG is quite general because it requires two user 
supplied external subroutines FCT and QUTP. FCT is the routine that must 
evaluate the constants of Eq. (4.1.b) and OUTP is the output vehicle for HPCG. 
The construction of the dynamic program is shown in Figure 24. The OUTP 
and FCT blocks are expanded in Figures 24 and 25, respectively. Both the 


dynamic program and the FRCP are reasonably well documented and so a more 
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detailed description of the program can be found in Appendix 4 and 1. The 
program has some interactive capability in input which was used during 
initial development on MTS (Michigan Terminal System, University of Michigan) 
but difficulty of doing interactive work and limited disk availability at 
AVSCOM almost demands the dynamic program be run with its batch default. 
The batch default causes the dynamic program to have the following 

initial conditions: 

Initial motor input angle position = 

Initial motor input velocity = 

Initial motor input acceleration = 


Initial time = 


no oOo ob Oo Oo 


.5 sec 


Final time 


Output steps every .01 seconds 
Figures 27 through 29 show the response of the motor input angle for a typical 


run. 
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5. MODEL INPUT 


The mathematical model for the AMCAWS-30 uses as input a table of position 
solutions for each major comperent versus input motor angle. The range of 
values for the table is such that one complete firing cycle is descrihec. 
The table is shown in Table 5.1 along with a description of the element 
entries. The table, although on disk file, is constructed as if it were on 
80 character cards and thus the resulting 2 card groups seen in Table 5.1 
Format for the table is format (' ', 15, 3F16.4) and format (' ', 15,4F16.4) 
for the two lines. This position table is the only input necessary tv the 
AMCAWS-30 mathematical modeling program. 

The table itself is, as discussed, generated by the functional relations ‘ips 


computer program (FRCP) which is listed in Appendix A-3. The inputs here 


consist of smoothed drawing data for the single turn cam AMCAWS weapon. The 


data required for the FRCP is data for the feed cam, eject cam, drum cam 
and lock cam. This data is taken from the engineering drawings fur these 
components. The drawing data was tabulated and read into the FRCP with a 
Format (2F17.4) 
statameriv. 
There are no other inputs to either program. 


Since the mathematical model program is based on its numerical intearation 


routine, it is essential that the input data have no discontinuities about 


ope 


which the integrating routine weuld cycle and ultimately stop. This did 

occur with the original drawing data and thus the "sharp" corners were smoothed 

with a cubic fitting routine that forced a match in the zero and first s 
derivatives at the end points of each region to be smoothed. The smoothing 

is done on the drawing data and thus the table output is also smoothed. 

Comparisons between original and smoothed drawing data can be seen in Figures 


30, 31 and 32, The drum cam data was well behaved enough to use without 


smoothing and is shown in Figure 33. 


The smoothing routine and program listing can be found in Appendix A-5. 
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6.0 CONCLUSIONS 


Ine three primary objectives of this report have been largely met. 
The computer programs that comprise the model package have been well doc- 
umented. The modeling procedure itself has been explained in detail. 
The operating characteristics of the AMCAWS-30 weapon have been document— 
ed, As a bonus, the dynamic model itself seems to work well and the 
results seem to be similar to the actual weapon. 

Figures 27, 28, and 29 are graphical output showing the response 
of the input drive motor gear over the 0.0 to 2.5 second time range 
considered. The spikes in the acceleration curve are certainly not 
present in the actual weapon and might be induced in the interpolation 
routine or by the highly discreet nature of the various fast acting cams. 
The model is not "correct" in the purest sense until the source of these 
spikes are tracked down and the source is either eliminated or justif- 
ied. The smoothed data line for the acceleration curve represents the 
more realistic situation. 

The computer model package operates at some disadvantage. Since 
the cancellation of AMCAWS funding in late 1976 there has been under- 
standably little interest or enthusiasm in verifying the model against 
the actual weapon. As such even the masses and inertias (Table A2-1) 
are the result of calculations and nct measurements. While the calcul- 
ated and actual values probably do not differ greatly that is a known 


source of model erroxy. The weapon has not been built up and fired since 


58 


this modeling project was started, although a testing program to aid in 
the model verification was planned. 


This report then cannot document an extensive verification, al- 


though the position, velocity, and acceleration curves match rough data 
that could be found from early 1975 gun firings. 

Hopefully, the d'Alembert procedure might serve as a basis for mod- 
eling efforts for other Army developmental weapons or mechanisms. The 
procedure is relatively easy to apply and program and the cost is reas- 


onable. The dynamic program in this report was run during prime hours 


at AVSCOM S&E computers for about fifteen dollars. 
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APPENDIX ] 


FUNCTIONAL RELATIONSHIPS COMPUTER PROGRAM 


A-1-1 


t The Functional Relationships Computer Progrum (FRCP) specifies, as output, 
the positional relationships versus the input drive motor angle of the components 
in the AMCAWS-30 weapon. Since the AMCAWS-30 model is a one degree of freedom 
system and the degree of freedom is the input drive motor angle, specification 
of an input angle also specified the position of all the other gun components, 
Given that there are no part failures (the weapon model uses fantastic materials 
that cannot fail) these various positional relationships are unchanging. 

The FRCP uses the various part geometries, cam paths, and assembly angles 
to evaluate each part position given the input motor angle. Figure Al-1 is 
the basic fiow chart for the program. The programs needs as input the drawing 
data for the drum cam, the eject and feed cam paths for the face cam and the 
various offset angles at which the components were assembled. A incremental 0 
is chosen and the program loops through the six function calls until one 
complete firing cycle is over. The results of each loop are tabulated. 

The program itself is listed in Appendix 3 while the output from the 
program, in graphical form, is shown in Figures Al-2 thru Al-7. Figures 
Al-8 thru Al-11 are the unaltered cam drawing data in graphical form and are 

‘ included here for report completeness. 

Figures Al-12 and Al-13 illustrate the basis of program functions FUN43F 


and FUN53F. 
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APPENDIX 2 


Generalized d'Alembert Force 
Procedure and AMCAWS~30 
Equation of Motion Development 
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A2.1 - INTRODUCTION 
The systematic derivation of the differential equaiton of motion for 
the AMCAWS~30 weapon was accomplished by the application of the generalized 


d'Alembert force equation 


a Foegt+ ot. oto (A2.1) 


M = number of d'Alembert forces in the total system 

F = the d'Alembert force 

6 = the position vector from a point in ground to the point of 
application of the d'Alembert force 

i = the index of the particular d'Alembert force being considered 


qj ° the degree of freedom being considered 


i = the partial of oF with respect to the degree of freedom 


J 

X = closed loop chord contact forces 

B = positional vectur spanning the closed loop cherd 

L = number of independent closed lopps 

& = loop being considered 

j = degree of freedom 
Two facts allow a significant simplification of an already simple equation. 
First, the AMCAWS-30 is a one degree of freedom system. This sets the 
index j = 1. Second, the development of functional relationships describing 
the response of the major components to the motor input angle, Qos allowed 
the analysis to proceed with no closed loops (Appendix 1). This sets the 


index L=0. The generalized d'Alembert equation then becomes 


A2-2 


(A2.2) 


The problem at hand is then the cranking out of the es and oe 
for the six major components invotved. The detailed development follows. 
The black box idealization of Figure A2-4 is somewhat altered in that the 
reference frames for each component are oriented as they actualiy are on 
the weapon. Throughout, the development the ok reference freme holds 
where k is aligned in the direction of projectile travel after a firing, 
the 7 axis is described by a horizontal line, and j corresponds to a 
vertical line (Figure A2-1). A single dot (i.e. 03) refers to the derivative 
of 0, with respect to Q» (the degree of freedom). Similarly, double dots 
and primes (i.e. 0, and 03") are the second derivatives with respect to time 
and with respect to Qo. The interpolation routines scan the tabular data 
(coordinate of interest vs 0») and returns a local 5th degree polynominal 
that fits the data in the region of interest. If © is the cocrdinate of 


interest, for any specific Qos 


O= ap + a,02 + an03 + ay03 + ayes + ass (A2.3) 
0°= 00 = ay+2a202 + 3a,43 + 4a,03 + Sased (A2.4) 
302 
i (A2.6) 
6 = 0°62 ; ‘ 
§ = 0°62 + 0°* (62)? (A2.7) 


With these relationships the development of the differential equation of 
motion can proceed by applying the “reduced" d'Alembert equation to each major 


component and then summing al] the terms into a single equation. 
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A2-4 


A-2 - LOCAL COORDINATE 2, DRIVE MOTOR INPUT 

The gun parts associated with this coordinate are the input motor 
(AQQEHI8, Western Gear Motor) and the gear unit transferring torque 
from the motor to the weapon itself. The parts and reference frame 
are shown in Figure A2-2. 


TERMS : 


_ 
1 


59 = Mass moment of inertia of the 59 tooth drive gear 


— 
4 


120° Mass moment of inertia of the 120 tooth transfer gear 


(including the 16 tonth output gear shaft) 


© 
®) 
it 


Motor input angle measured as indicated 


109 = Angle of 120 tooth gear measured as indicated 


+ 
u 


Torque drive applied at the 59 tooth gear (a function of 62) 
Ce = Frictional losses through the drive train but considered to act 


on the 59 tooth gear. 
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*¢ 
Relationships 
Qo = cP 
Oa = (59/120)0. = CO. ‘ 
120 = -CO2 
Bio = -CO2 
t. = -Cok 
Development: me 
3p » 00, 
‘ . 4 1 Fi. 9% 
1 Fi (¢) 30> > 
1 ~I5 902k Ook k ~Igq02 


2 ~11 2902k ®1 20k -Ck C1, 29 0-CO. 
3 Tk Ok kT 
4 Ck Ook ok Ce 

in terms of ©2, 


4 > 
u F, : ua 7 
i=l ° 902 3 “ 

~Igg92 -C*I1 49 O2 + 7 “Ce 


=> (-Ipg - Clim) + T -Ce (A2.8) 
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A2.3 - LOCAL COORDINATE 3, DRUM/FACE CAMS 


The gun parts associated with tnis coordinate are the drum cam and the 
face cam. Although in practice they are assembled so that they have no 
relative motion between them, they are treated separately in keeping with 
the practice of trying to do the analysis on very primary level so any 
program revisions necessated by part changes are minor. The parts and 


reference frame are shown in Figure A2-3. 
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FIGURE A2-3 
DRUMW/FACE CAM COORDINATES 
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Terms: 


IDRUM = mass moment of inertia of the drum cam 


i: IFACE = mass moment of inertia of the face cam 
4 @s = angle made by the zero point of the drum cam with the 
i axis, measured as shown. 
©r = angle made by the zero point of the face cam with the 
i axis, measured as shown, 
j Relationships: 


= 63 + constant angle = 03 +A 
OF = Qs 

63 = ap + a2 + a6$ + a303 + ayOstas03 for a given % 
Development: 
F => >. dpi A ah 
i Fi pl 30> Fi x02 
5  -rprumesk  o3k 3°k  -03~IDRUM; 


F. 6 -IFACEO-k =O ,k «aK -03” IFACEO 3 
a in terms of 62 


6 a: . 23 
z aces 
j=5 082 


-03° IDRUM(O3“02 + 03°63) 


-837 IFACH (03702 + 037703) 
= 62 [-(037)* (IDRUM + 1LEACK)] 
-03°03° “6% (IDRUM + LACK) (A2,9) 
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A2.4 - LOCAL COORDINATE 4, FEED MECHANISM 

The gun parts associated with this coordinate are the feed pawls, the 
feed shaft, and the feed c’ follower which is called a rocker. The parts 
and reference frame are shown in Figure A2~-4. 
Terms : 

IPAWL = mass moment of inertia of the pawl about the shaft 


IROCK 


mass moment of inertia of the rocker/follower about the shaft 


ISHAFT = mass moment of inertia of the shaft 


MPAWL = mass of the paw] 

MROCK = mass of the rocker/follower 

MAMMO = mass of the ammunition 
O2 = pawl angle measured as indicated 
®. = rocker angle measureu as indicated 
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FIGURE A2-4 
FEED COORDINATES 
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PCM = Distance from shaft to PAWL center of mass 


RCM = Distance from shaft to rocker 


PE = Distance from shaft to end of PAWL 
Fs positional vector from ground to pawl center of mass 
A = positional vector from ground to ammo center of mass 
R= positional vector from ground to rocker center of mass 
T = torque needed to pull anmo belt. 
Relationships: 


6,. = 6, + constant angle = 6, + C 


r 
0, = Oy 
0. = 6, 


wenn 


p 
K = const2 + PR + (DAMMO/2) i 
R 


meee SA 


= const3 + RCM 


Vvelopincnt : ‘ 
: ‘ api - | opd 
By Ri 36a Bi Boy 
wa la oe 
~IPAWLO,k 0,k Qk ~IPAWLO 464 7 


-NPANL(fg3) PB — PCMB,“(-sind« +,coséyf) -MPAWL (PCM) 6,” 
{6, +cos@s (g/PCM) } 


~IROCK6 Ok 04k " -TROCK®:, 047 
-MROCK (gj) R —-RCM_.“(-sin®2+cos®.F) -=MROCK (RCM)7¢@ 

7 . 2 {8,+cos0,.(g/ ROMY } 
-ISHAFTOyk  Ouk 04 *K ~ISHAFT 61,057 
-MAMVO A K PEO “(-sindyt+cos0yS)  -MAMMO(PR} 20470, 
“Tk . Quk On “fk -T0y” 


terms of 62 
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= Q2(=(0y")2{IPAWL + IROCK + ISHAFT + MPAWL(PCM)2 + MROCK(RCM)2 
+ MAMMO(PE)*} 
- 63(04°Ox7* ){IPAWL + IROCK + ISHAFT + MPAWL(PCM)2 + MROCK(RCM) 2 
+ MAMMO(PE3 7} 
~O4” {MPAHL(PCM)gcos@y + MROCK(RCM)gcos®, + T} (A2.10) 


NOTE, however that the ammunition is only present during the portion of the cycle 
during which the ammo is transferred to the chamber for firing. Thus the term 
MANNO = (mass of AMMO) Unit (6,) 
where unit (0,) = 1 when 6, < 0, or since 62>,0, when 0% + 0 

= 0 when 6, > 0, or since 62>,0, when 6% >,0 
Also, there is currently no ammo belt system yet fabricated so that T is always 


zero. 
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A2.5 - LOC’L COORDINATE 5, EJECT MECHANISM 

The gun parts associated wicn this coordinate are the eject pawl, the 
eject shaft, and the eject cam path fall over which is called a rocker. The 
parts and reference frame are shown in Figure A2-5. 


Terms: 


IPAWL = mass moment of inertia of the paw] about the shaft 


IROCK = mass moment of inertia of the rocker about the shaft 


ISHAFT = mass moment of inertia of the shaft 
MPAWL = mass of the eject pawl 
MROCK = mass of the rocker 


Os = pawl angle measured as shown 

0. = rocker angle measured as shown 

PCM = distance from shaft to paw] center of mass 

RCM = distance from shaft to rocker center of mass 
Pe pesitional vector from ground to pawl] center of mass 
R = positional vector from ground to rocker center of mass 

Relationships: 

e. = Os ~- constant angie = 05-C 
6, = Os ; 
6. = bs 
B = const + PCM 


R = const + ROM 
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FIGURE A2-5 
EJECT COORDINATES 
A2-15 


= Se tna eh 
Te a eee tems te  pcees eet: 


seth ape se Fa en eR aN rh 1 Son ae 


A2-16 
Development: 
aP, a 
if. i —— F, «9% 
7 1 802 1 DOr 
14 -IPAWLOsk Osk Os*k ~IPANLO50% 
15 -MPAWL(Ptgj) PB Peng (~sindsé#c0s05 5) 
r A ° 
17 ~MROCK(K+g; ) R Remd,,(-sind,,; +cos0,, 5) 


-MPAWL (Pcm)20%{0s+cos0s(g/Pcm)} 
-NROCK(R,,)°0”{6,,#c0s0,,(g/Rem) } 


in terms of” 62, 


> 
ia 


- (0307) {IPAWL + IROCK + ISHAFT + MPAWL (PCM)? 
+ MROCK(RCM) 7}03 
- (05) {MPAWL (PCM) gcosOs5 
+ MROCK(RCM)gcoso, } (A2.11) 


s A2- 17 
| ' A2.6 - LOCAL COORDINATE 6, LOCK RING 
q The gun parts associated with this coordin*te is the lock ring. The 


part and reference frame is shown in Figure A2-6. 


Terms : 
ILOCK = mass moment of inertia of lock ring 
T = additional torques acting on the lock ring, including friction 
Qs = angle from lock ring center to zero point of ring from 7 axis 


Relationships: 


Qs = a + a102 + 2202 + az03 + a,O3% + as03 for given O2 
Development: ~ 
iW Bt bal FT. os 
19 -LOCK&K Gk Ok ~TLOCKs 6 
20 -Tk ak @& k Te 


in terms of O02 


3p 
20 . 
i 1 
—— Fi B62 
VFI 


= 6o(-ILOCK(@ )*) + 03(-ILOCK Of es) - Tax (A2.12) 
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LOCK RING COORDINATES 
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A2.7 ~ LOCAL COORDINATE 7, CHAMBER 

The gun parts associated with this coordinate are the chamber and bolt 
assemblies. As discussed in Section 2.5, the bolt and chamber translate as 
a unit only a small distance before the boit becomes stationary. The 
actual mass that is translating is the mass of interest, The chamber 
assembly includes everything shown in Figure 9. The parts and reference 
frame is shown in Figure A2-7. 
Terms : 

3 = vector from ground to fixed point on chamber 


Crush = spring force acting on chamber due to round crush up 


Sear = spring force acting on chamber during researing of firing 


pen spring 
¢, = friction acting to resist chamber motion 
VCHMBR = virtual (actual) translating mass 
Relationships: 


R= a + a102 + a20% #2a;03 + a,O2 + asQs 


1 Bg = -PF 
| $3 = const + R 
| crUSH = -(CRUSH) k 
Ee! SEAR = (SEAR) k 
| : Ce = ak when R > 0 
| Ck when R < 0 
oo +R = f 
| 
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* oh 5 
21 -VCHMBR(S#h: ) oR Rk (VCHMBR)RIR 
22 CRUSH z -R'k (CRUSE)R! 
23 SEAR R -R'k ~(SEARR' 
24 te R ~k'k rey 


in terms of O02 


24 20: 
z Fi soy 
C=21 2 


VCHMBR R'(R' Oe + R"O3) + (CRUSH)R' ~-(SEAR)R' 


" 


#CgR! (R'G2/ABS(R'62)) 


2(VCHMBR(R')?) + ©3(VCHMBR R'R") 
+ R' (CRUSH SEAR + Cp(R'O2/ABS(R'62)) (As .13) 
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CHAMBER COORDINATES 
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A2.8 - GENERSL DEVELOPMENT OF A TRANSLATING d‘ALFMBERT FORCE 


Let the positional vector be PCM and have it acting at angle as shown 


in the Figure A-8 as always, © is a function of Q, 


(A2-3) 


Terms: 
>} 
P = posational vector from ground to the center of mass 
© = angle measured as shown 
PCM = magnitude of distance from origin to center of mass 
g = acceleration due gravity 
m = mass of part, considered concentrated at ceiuter of mass 
Relationahips: 
2 3 “" 5 
@ =a +a1,02 ta202+a302 + ayO. + asOo 
Development : 


The only force considered here is the d'Alembert force associated with 


translation of the center of mass. 
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The positional vector PB is 

P= 4 Pa where © is a vector from some point in ground to point 0, 
which is fixed relative to ground. 

The second time derivative of the vector B(in two dimensions) is 
0 + Bem 


= (P.) (Po) + O(KXP,) -6PP%, 


ot: 
u 


+20(kX{PCH)PCN) (A2.14) 
however, the iength Pom = constant 
thus P ea = 0 


ale een = 0, yielding 


Spear 2\2 p> 
p = O(kXPC,) - (6)? Po. (A2.14.a) 
since 
> a * 
Pom = PemiCOSoi + SIN63) 
(kXPCM) = Pn(“SINOi + COSOj), therefore 
3 * & $2 nN ihe 
Pp = OP g(“SINOI + COSOj) -67P,,,,(COSoi + SINOJ) 
= {(-sino)(6)(PCM) - (67)(P_.,)(coso)}i 
+{(coso)(6)(PCM) ~ (67)(P.,)(sino)}J (A2.14.b) 
F for this case is t 
F = -M[P + 93] = 
1 -c4 me oe 
oN {(-sino)e - 0 cose ; 
+ {(cos0)0 - 6%sinG+ oo 4 | (A2,15) 


cm 


A2-25 
” > 
p=+ Pom? AND 
> > 
ap. 2(Pem) 
ao: 905 
3 {P i (cosOi + sindj)} 
weiise,. dO ieee ie 
= aa qo (-sinOi 4+ cosoj) 
OF 0 (-sindi _ cosoj) 
= (P, O'-sino)i + (P_,0' cos) j (A2.16) 
PL 
and F 502 


= M(P ,)0” {+s ino(+sino)6 + 5in002cos0 


+cos@(cos®)O - cos@d*sin® + cosop— } 
cm 


2+cos’) +02(sin@cos@-sin@cos® + cos -—} 


: 2 ex oo P 
= “MP ea) Q* {+0(sin 
cm 


= -M(P_.)2 O7{+0 + cosy } 


which in terms of explains as follows 


= (Pq)? 07£(0°O2t0"OZ) + (G/Poq,)0080} 


= Get-M(PQ,)(0")7) + 8 {-M(Pq)° 010") 


-M(P ain) g cos 0' (A2.17) 


TABLE OF MASS AND INERTIA 


Mass I Mass : 
Part Name (Lb-Sec**2/Ft) (Ft-Lb-Sec**2) ; 
59 Gear -2094 -000949 
120 Gear -4816 .01546 
Face Cam 3525 -04406 
Drum Cam -8540 -0997 
Feed Shaft -000018647 
Feed Rocker -0049232 -00002724 
Feed Pawl -010888 -00032958 
Ammunition -04255 
Eject Shaft -000016782 
Eject Rocker -0049232 .00002724 
Eject Pawl -017473 -00016703 
Lock Ring - 10864 -0020653 
Chamber - 58329 

TABLE A2-1 
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APPENDIX A-5 


DRAWING DATA SMOOTHING 


The numerical integration routine (IBM-S'P routine HPCG) can quite possibl 


iterate excessively about a first derivative ciscontinuity such as exists in 

the drawing data for the feed, eject, and lock ring cam data. To avoid this 
excessive iteration the data has been treated to “smooth" the sharp corners. 

The "smoothing" algorithm used is a cubic fit that fits exactly at the endpoints 
in both displacement and slope. 


Development: 


ee tN ak sues, 
- BR 8 ree me tee ene 


¥) = agXP + aykt + ayXy + a, 
as a,V5 - ank + aX, + ay 
My = 3agX4 + 2agXy + ay 
My = 3a3X5 + 2a,Xp + ay 


Unknowns are ao» ay aos a3 


a (X>) + ay(X*) + a, (X) ) + a, (1) = Y, 


a3(X3) + ay(X5) + a4 (X5) + a, (1) = Y5 


a3(3X4) + ay(2X,) + a4(1) + a, (0) 


a,(3X5) + ap(2Xp) + a,(1) + a,(0) 


3 

Ky ky Ky i a 1 
3 (2 

Noe KE. ak, AD ke - 
2 = 

a a M, 

sxe 2X, 1a M 
‘2 2 oO 2 


which is of form 
[Al{a} = {RHS} where 
only {a} is unknown. IBM-SSP 


sinO can be used to determine {a} 


M 


M 


1 


2 


~ men me ee ee 


AS-.3 


when {a} is found, the Y values in the region of interest are then 
¥(J) = a(4) + X(J)(a(3) + X(d)(a(2) + X(4)(a(1)))) 
For Range of X(J) between and including endpoints X1 and X2. 


ey 


PROGRAM: The original drawing data and the regions of each curve to be fit 
must be supplied to the fitting program. The graphical output only is 


included as the vrogram output. 


i 
GN 9200 
COTTZILVWHOS 002 $200 
(¥*9TsZ) 4VHUOI = 00T #200 
dOis €200 
i) 
(N6Z6A4X)ONT od TWO 2200 
(NSZ*¥) DHINNG WWI se) 
) 
BANILNOD 902 t200 
t OLLSe*olaets edLVNUOS SO00F 0200 
1 $49TGS (7929 (CIAS (DX (5600999) BLUM 6100 
(2) Z-(P) AzIS10 Bt00 
N*ter 002 OC L100 
fs) 
AQNILNOD =: TO? 9100 
TOT OL 09 Stoo 
(CONDI *LUVASTSZ*xXpELIS WW #106 
COTTS%a 0)! WUCS 100% E100 
ONST*2yViSl (TOO%* 9) 3LIUM 2100 
GNBI*LyuviStl ‘tO2=0N5°0024S) OV3y tT00 
3 
‘ 3 
SNNILHOD = TOT too 
ss) 
ot OL 09 6000 
(SAB(NIZ $000 
TeNEN 24000 
TOT OL OD (9006 °A9° ff)XdST 9000 
(PIASCAD CTOTSUNS*O0T 4S) OVAY $000 
teret 7000 
3NNILNOD ot €000 
se) 
ViVO INdNI <9 
fs) 
7 -/NS/0/0 VLVG 2000 : 
(OOOT) 22 6200T- 44 (009TIX WU 1000 | 


1000 39Vd @Ts€S/L0 660242 * 3140 NIVH T2 WA31 9 AI NVBLYOS 


i 
- 
{ 


1000 39Vd 


¥I/ES/L0 


66022 = 31V0 


GN3 eo0c 
NunL3y 2006 
2 
i] 
SNNILNOD Oo€ 9000 
(¥°9TS32) LVHYOS 092 $090 
iP)Z8 (PF) X*O92HINNG #000 
N‘t=f oo€ OG €000 
3 
cvzecdy x Way 2000 
(N¢Z*X) SHINN SNILNOYSNS 1000 
SHINN 12 WABIT9 AI NVYLYOS 
~ we 
Rag EE 
% ae os v P = ‘ os 


QN32 €200 


NYNL3Y 2200 
(6664°0*°02) 101d T1V9 1200 
(240 STON Z2¢XISNTITD TIS 0200 
(040 ST4N® ASX) BNID TW) 6100 
(ZA *TAS°OO4S *BbQeF H8**04*O)SIXY WWD etoo 
(2x*txs*ar ortega? He**O**O)SEXY WIVD Ltoo 
2Az(ZONIZ 9T00 
TAECTONDZ St00 
(JeNIAZZA ¥T00 
(TONIASTA €too 
(ZN) XECKX 2t00 
(Teno xstx Tt00 
#*g@eay zg wos WWsd oT00 
*oreéxdIs wos WWd 6000 
(€#4G°240°0} 101d WW) g000 
(f=4*9E—69OT)L0Id WV 24000 
(UTINSdK3N VIVO 9000 
| (O*T)YOLIVS VIVD S000 
(oT#O000T*3NGTI)S101d VIVO 47000 
(000T) 3N@I NOISNABWIG £000 
CT) ZECTISZECTITZ*© CTIAS COX Way 2000 
(N®Z4ASX)ONLOId BMI LNOYMENS 1000 
1000 39Vd ¥Tt/ES/L0 66012 = 31V0 ON1LOId t2 WAST 9 AI NVULYOS 
{ 
{ 
4 
z 
j 
| } 
: i 
: i 
; t 
er EE GE ERNE SGA AEILI OA AAA A reer nee ROTTS SITE re Sees 


7 > 


A 4 “ ‘ 4 ~ . oer ere ~~ 7 * r 
lie a 7 ‘ - ys 
ari f Pe Le a 


002 O01 09 (0°O3°S»)I SI 9£00 


; 3 
(Su%*SHUO* VO) OMISO WivS seo0 
e) 
2n= (%} SHUG 900 
Tre (£) SHUG €e00 
(HART) AQ® (2) SHUO 2£00 
(Tiaaztt)SHud T€00 
pe) 
90°0= (944) V0 0£00 
OG*O=(¥4E) VG 6200 
OG*Tz¢42) VG e200 
O0*ta(¥4T) VO 4200 
3 
oa*t=(€493 V0 9200 
Oa*T=(€*E) VO $200 
(CHANT) x08 (E42) V0 #200 
(T)xa=(€*t) v0 €200 
3 
(WONT) X0e00°%2= (249) 90 2200 
(T)xXGe00°22 (24£) V0 t200 
Zee (WANT) xGz (242) 40 0200 
Zee(lixgzet(24t) vd 600 
3 
(HANT) XQe@ (HANI) X0e0G*ES (84) VG gtoo 
(TIxOe(T) XGeGO°EH (TSE VG ztoo 
Ewe (HNNI) xd=(T*2)V0 9T00 
Coe l(T) xaz(tety vo stoo 
i) 
VLU3BO/ (CBT) AS (GNSTI AD EZh 9100 
VATSO/ COLUVIST) A@(STI A STW E100 
SANILNOS oot 2t00 
(TPOSTIAZINIAG tt00 
V11300 (fF) LVOTS= (FXO otoo 
WANT *tar OOT OG 6000 
3 
NYHNt3yY (LE°LOSWANI *ONV® 9°2 2°HANI) SI g000 
Loe (VIVIAS CISTI X= CAD XD XTSIIEWONT 2000 
(LUVIST) x“(S1) X81 130 9000 
TeON31=31 $000 
Tetuvistss! #900 
a) 
SINIOd 30 Y3SWNN WI3BHD G*V VIVO GN3 WOUd S3d07S 3HL SNIWYSL30 <5 
i) 
(o 49) VGO4 (9) S7UG* (OE) A0* (OE) XO NOTSIIa¥d 31EN0O €000 
CWS THE (CTIAS(TIX Wy 2000 
> 
i) 


(T©ONBIDX NYHL (T+LUVIST?X WOUS BONVY 3HL AB GANIWYd130 ST “3 

HOTHM*S* *"WVAUBINI GSLVIIONI 3HL 30 SLNIOGON3 3Hi YOS BATIVATY30 T GNV 6 <3 

SH1 NI 114 LOVXD HLIA LIZ JIGND HLOONS V SSAIO ELIS SNILNOYENS BLIVULSAV <9 
(GNZI*SLYVISTSASXIELIS SNILNOUSNS T000 


1000 39¥d ¥Ts€S/L0 66022 = 310 €Li4 tT2  W3A32 9 AI NVULYOS 


nn eenentadl 
VY 


Biter BD + 

5 = . wee 

3 EN a ee ; 
ON a pie a sig 

tte Tet a 


ECE RITE AA I A A ER A I A SO SS a na rn 


Ona #600 
; NUNL3Y £+00 
: be) 
BNNILNOD = 00E 2¥00 
| COCCTY SHYO) @ (7) X00 (2) SHUG) & (7) XO¢ (E) SHUG) o (FP) XO t 
+ (¥) SHG (TaPoSTDA T900 
HANT*ish OOE OG o+00 
2 
3NNILNOD = 002 6€00 
SOWIS JO 1NO SW37GOUd +) LVHYOS oat 8E00 
(900T*9) SLTUA LE00 


2000 394d ¥IsES/L0 66012 = 31VG €ll3 Te W3A37 9 AI NVULUOS 


Rae 
oF a eae 


Ee 
* 
Vu 


OWISG 3NTLNOHENsS 


e 02S OwIS NOTINIOS Gu¥axds 
OtS Onis 
SOVQ*SAVS*10L9VOTESB*v NOTS(I9ue FTENCC econ 
00S Onts (1284 CT) NOISN3WIC 2000 
(SN*NSES YD OWISA BNE LOOUENS 1000 
Oey Onis 3 
OLe DWISS CoS eeeccoccccoccsescoccccooecsce® Soesesreesecscosoosoovsrosecoresce 3 
99% OwIsS 2 
OSY OWIS *INDHBLVIS 1LSYUI3 3HL ONTIVId3y “8 O313100K 3€ NVD SONVU3I0L 3 
Ove OKIS SIHL *T OL 13S SI SH GNY BYINONIS G3YSGISNOD SI KIBLYH BHL 3 
O€y Onis £3°0 40 3ONVY3IOL ¥ ONIG33-/X3 ANNOS 36 NVD LOAId ON 31 3 
02% OnIS “(NIG NEN BWVINVA *Seeesetoe(ayg NT 2 321eVIEVA p) 
Oly OWIS *(TIG NE C SIGVIUVA HLIA *8 YO-I3BA NI 03d0173A30 Suv S3NIVA 3 
00% OnIS NOTINWOS WNIZS “SNOTLNLILSENS ZSAISSSSING Ag AZLVINIWS 3 
O6€ SOHIS SI SJISVIYVA Y3HLO JHL YO4 NOTINIOS wove BHL °S39VLS N 3 
OSE OwIs NI 3NO00 SI N 3T0VIUVA NI“L80 OL NOTLNIOS GuYAHOS 3HL ) 
OLE OnIS *SiN3W313 > 
OSE OnIS ViveS YO OYUSZ AB NOISIAIO “YIOAV OL AYUVYSS3D3N NAHM SHOU =) 
OSE OWISSNIONVHIYBSLNI 40 SLSISNOD NOILYN'WINS 40 39VLS HOV3 *YHOSIAIG 3 
OVE OWIS IWLOATA LS39NV2 ONISN NOTLYNIWII3 AG SI NOILNIOS 20 OOHL3H 2? 
O€E€ OWIS QOH13n 3 
O2€ OnIS 3 
OTE Owls 3NON 3 
OO€ OWIS G3YINOSY SHVHOYUdENS NOTLINNAS GNY S3SNIELNOYSNS =) 
062 OWIS 3 
082 OWIS *(Gudnh9) LINGOYd XIYLVW ONV CANIW) NOISUSANI i) 
OL2 OWIS XTULVN ONISN AG DBNIVIGO 38 AVW NOLINTOS BATLYNYAL IW NV ie) 
092 OWIS *“SSJIONINVAH JUV SANIWA NOTL'IOS * BVINONIS SI xTUuLvW JI 2 
0S2 OWIS *TWUaN3S 38 LSNW V XLuLvn 3 
q O*2 OnIS SxwV ha ») 
O€2 ONIS ) 
622 OWIS SNOILYNOZ 30 13S BVINOAIS ¥ 40s t 3 
OT2 OWIS NOTINIOS IWWUON ¥ HOS 0 2 
002 ONIS LIQIQ LNdLNO = SN =) 
061 OWIS °*3NO °19° 38 LSNK N PSATISBVINVA ONV SNOTLVNOZ 40 YAEHNN - N 3 
ost OnIS *X YGLIZA *S3NIWA NOlINIOS IWNIZ AS Q39V1d34u i) 
OLT OWIS 36¥v 3S3HL *(N HLON3ST) SINY*+SNOD IWNIDLUO 40 BSOLIBA = & ) 
O9T OWIS *N AD N 3 
OST OWIS SI V XIULVH 30 3ZIS 3HL “NOTI“SNdWOD 3HL NI G3A0NLS30 ) 
O%T OWIS BUY 3S3HL *3SIANWNIOD C3015 SLIN3I3I43909 40 XIULYW = ¥ e) 
O€T ONIS SHBLAWVeEVd 4O YOTLdIYIS3C i) 
O2Tt OwIS re) 
OTT OwIS (SMONFSACVIOWIS WIV i) 
OOT OWIS a9vsn 3 
06 OWIS oe) 
ce OWIsS g=xv i) 
OL OWIS *SNOTLYNOS YVANIT SNOSNVLIAWIS 40 13S ¥ 3O NOTLATNOS NIVL8O ) 
09 «OWIS asodund eo) 
0S OWIS i) 
3 
0O€ OWIS 3 
02 OHIST 2 SS ete reece scsccerecrereesssser Soares esseseseenessonessoseneeoey 3 
Ot OnwIS ie) 
1000 39Vd ¥I/ES/L0 660LL * 31V0 NIVw T2 VWBA37 9 AI N¥GLYOS 


” 


‘I 


ee a NER 


eal i ei i ail 


‘. 


eran ae x 
whe eaten ange AE 


a 


oe 


2000 39¥d 


osotonis 
OvOTOHIS 
CEOTONIS 
O20TonIS 
OTOtonIs 
OOOTONIS 


066 
0906 
026 
096 
0s6 
06 
06 
026 
O16 
006 
068 
cag 
o1e 
00g 
0s8 
ove 
oee 
o2ze 
ore 
008 
062 
oed 
OLz 
ch? a 
asz 


ced 
O22 
Os 
ood 
069 
089 


099 
oso 
Ov9 
oe9 
029 
ots 


06S 
oes 
ozs 
oss 
oss 


OES 


Onts 
Onis 
onIs 
onts 
onIS 
OuTS 
OWES 
OnIS 
OHIS 
OWIS 
Suis 
OHIS 
OWIS 
OnIS 
ORIS 
onIS 
OuIS 
OHIS 
ORIS 
ows 
ows 
OHWIS 
Onis 
OnIS 
OWIS 


OnIS 
ons 
owIS 
OWIS 
OwIS 
OnIS 


oKIS 
Ons 
Onls 
OHIS 
OnIS 
onIS 


oWis 
OWIS 
OHIS 
SHIS 
onts 


DwIS 
eI ES/L0 


Lhexfxtexer 0700 
Xe tlexChensxtx! 6e0e 
NeAfeYe 09 OF eroc 
xiereil L££00 
xleSolerx! 9€00 
N¢arzxI S9 00 Stoo 
(Te) eNzS01 SS “coc 
6S*042°SS WN=F} at Ce9d 
3 
JIEVIMVA LX3N JLYNIWITD e) 
3 
VOTQs/BAVS= (Ca 2e06 
(F982 (XVN18 Teo00 
(XVAT)B=3ANS 0€00 
VOIG/ITIDVE(TIVV 0S 6200 
3 
LN3131432305 SNIO#51 aw NOLLVNOE BGlAIO ¥ 
3 
BAYS=(2I)¥ 8200 
C2T vectliv £206 
CTH) VR3ANS 9200 
AleTis2t $200 
NeTIst! 7200 
Néfsn 0S 06 €200 
CoxXVRTSLI 2200 
(ZePeNef=ETI OF 1200 
3 
AMVSS333N 3ST SHOU ZONVHOUIINI ie) 
a 
NYALIY 0200 
Tesw Set 6100 
Ov*SE*SE (1OL-(V919) S8VG) ST 8100 
3 
(XITULVW YVINONTS) 3ON*°UZTIOL NVHL SS37 LOAId ¥Od 1931 J 
=) 
3NNILNOD OF L100 
T2xVnt 9100 
(CT) V=ev9OIg 02 stao 
O&*OE4O2 CCKPID VI S8V0—(V918) SEVO) SI wtoo 
TeiIert EOS 
ba | 
NHN109 NI 4N3SI31 33309 wow x¥n BOs HONT3BS 3 
3 
N¢fet O€ 00 2too0 
retell Tt0o 
oa*o=v9la OT00 
tenerrerr 6000 
Terzar 8000 
N¢T#f SO 0a 2000 
Neer 9000 
0=Sx S00n 
od*O=70L1 2000 
3 
660ii = 31VG owlsa T2 T3A37 9 AI N¥uLYOS 
~ pee a ae der a, ais Se CS gee Sh gs ge ee eo eel rr ee 


t 

| 

O22TORIS fa GNS 2500 
i 


OT2TOHIS NUNL3Y €S00 
ooztonIs TeJIx3r 08 2500 
O6TTONIS Neovievi TS00 
oattonrs CII Ge (Vis ve-(@rpee(er3e oseo 
Oztlonis C*t=> 08 0G 6900 
O9TIONIS NeQI gvon 
OSTIONIS fenzel 2°00 
O¥TTOWIS C=LisvI 9400 
OettonIs AN*T=f 08 00 S00 
O2TIOWIS NoN=il 900 
OTTTOWIS TeNaAN O02 +00 
oottonwis 3 
O60TONIS NOTINTOS NOVS ) 
osoToORIS 5 
OLCTORIS COPXTI Vo (PM) Oa(xlGat(xl)a $9 2900 
o90tonIs COXETY Ve (OXI VI OX XT) VR OXexdD¥Y 09 Tv00 
€000 39V¢6 *tsES/L0 66022 = 3LYG oWISa T2 23A37 9 AI NVULUYOS 


- nee a NN SR A RT meget SE et a eee 
7 Sean aL nN rr ies GOES ne ions °: 


- e 


* ok > j 


Zi A” 2 


i rs S 4 2 


ro 
i 
| 
o 
r 
! 


4" 


| 


mNOANSe NOK OD 


6000°D- 
6BTO%0=- 


o 
e 
oooooo°;o00 


0°0 
LSSS*°O 
2256 ° Te 
oeeee? 
29LE*t 
€109°0 
LLet°o 
0°0 
0°0 


£00C°S 
6819°O 
741070 
L6eeten 
£e0~-"s 
"822° 

Est*t 

Ot62°t 

e9ee%2 

vooece 

Ted2*y 

62et°9 

0000°S 

yoes's 

1089°oT 
Oo00*Eet 
9ESe°ST 
8690 bt 
0000*t2 
¥198S°22 
0000°S2 
iste°z2 
vi7G°62 
O21S*°0E 
SE29°TE 
L£O6E°2E 
€zse°ze 
0000°EE 
0000°EE 
0000°¢E 
0000°EE 
0000°EE 
0000°¢€E 
On00°EE 
G000°EE 
0000°EE 
0000°EE 
O000°EE 
0000°€E 
0000°€E 
0000°€E 
0000°EE 
Gu0G°Ee 
0000°EE 
0000°¢€E 
0000°¢€E 
oo00*CcEe 
0Uu00°EE 
0000°EE 
0000°¢CE 
0000°EE 
0000*¢EE 
0000°EE 
0000°EE 
0000°CE 
0000°ECE 


OO00°ET 
9ES¢°SI 
8690°6t 
0000°f2 
*18S°22 
0000°S2 
vtai°d2 
o00o°Te 
0000°E€E 
O000°fE 
0000°EE 
0000°€EE 
0000°ECE 
0000°EE 
0000°EE 
0000°EE 
0000°€E 
OON0°EE 
0000°EE 
0000°EE 
0000°EE 
o000°¢CEe 
0000°EE 
0000°€E 
O000°EE 
0000°EE 
0000°EE 
0000°EE 
0000°EE 
0000°EE 
0000°ECE 
Ofor ree 
ocud’ece 
oo00°EcEe 
0000°EE 
0000°¢E 
0000°E€E 
G000°EE 
o000*ce 
0000°EE 
oo00*ee 


99€ 
ese 
8s 
ze 


aceo°*ss 
0000°SS 
0000°4S 
aeoners 
g0cc*2s 
oooo°ts 
0060°0S 
0000*%6¢% 
grgnege 
o0c00*%z+ 
0000°9¥ 
0000°S* 
0000* v4 
000°C 
0000°24 
0000°T 
0000409 
ogge*se 
0000°6E 
o000*LE 
0000*9E 
0000°SE 
COOD* SE 
0000°€CE 
0000°2E 
oo0o0*te 
0000°0€ 
0000°62 
0000°82 
0000%22 
0000°92 
0000°S2 
0000°%2 
0000%¢2 
0000*2e2 
0000°Tt2 
0000°02 
0000°6t 
0000°BT 
9000°LT 
0000°9T 
0000*ST 
000% ¥t 
o000°Eet 
0000°eT 
0000°TT 
0000°oT 
0000°6 
0000*8 
0000%2 
0000°9 
0G00°S 
0600°%% 
0000°€ 
0000°%2 
0000*%t 
Bsc 
eve 
ae 
82 


¥ aut oe8 ofc o°0 Olt hee! 
ott o°0 0°o 0°s 0000*STT 
stt O°) 0°o o*0 oo0o*stt 
ett 224 o°0 0*0 ANonOeeTT 
ett ee o°s a’e ocoo*eil 
2tt o*3 o°O 0°o bcooo*]2tt 
Tt 0*3 o*o0 o°0 oaca’rtt 
ott 0°0 a) 0°o Go00*ott 
6ot cto @*o 0°0 oroo*éect 
sot e*0 0°O o*0 0000°s90r 
2ot 0°00 6°0 o°0 oo00*zot 
901 0°90 0°O o°oO 0000*90t 
sot o°0 0°0 0°0 oo000°sot 
907 6*o0 o°@ G°O 0000* #0 [ 
cot 0°0 0*0 o°o o000*¢col 
zot 0°o0 0°0 o°0 0000°2oT 
Tot 9°90 0°0 0°90 o000* fot 
oot 0°90 6°o 0°O 0000°00T 
66 070 0*o0 0*O0 0000°66 
86 0°0 0*0 0°O 0000°96 
46 0°0 0°o 0°O 0000°26 
96 0°06 0*o o°o 0000°96 
Sé& 0°0 0°O 0°0 0000°S6 
96 00 0°0 0°O 000° 6 
€6 00 o°o 0°0 0000°E6 
26 0°0 0°0 0°0 0000°26 
16 0‘0 0°O 0°0 0000°T6 
] 06 o*0 0°O 0°O 0000°06 
P 68 oro 0°0 0°0 0000°68 
ee 0*0 0*°0 0°o 0000°9s9 
2¢@ 0°90 0°0 0°0 0000°28 
98 0*0 0°0 0°O 0000°98 
se 0°O 0°0 0°O 0000°S9? 
ee 0°0 0*0 0°0 0000°¢49 
£8 0°0 o°a 0°0 0000°E8 
28 0°0 0°0 0°00 0000°28 
te 0*0 0°0 0°0 0000°TS 
os 0°0 0°O 0°0 0000°0R 
62 0°0 0°O 0*0 0000°6L 
BL 0°0 0°0 0°0 0000°@L 
de 0°0 0°0 0°0 0000°2L 
92 0°0 0°o 0°90 0000°9Z2 
SL o°s v°o 0°0 Ou00*Ss 
vl 0°O 0*0 o°o 0000*% vz 
eZ 0°0 0°90 0°O 0000°EL 
eL 0°0 0°o 0°0 0000%2L 
tL 0°94 0°9 0°00 a000°TL 
Oz C*o O*%o 0°0 0000%02 
69 0°0 0°0 0°0 0000°69 
' 89 c*o 0°o 0°0 0000°89 
49 <° 0°o 0°o 0000°29 
99 C*0 0°0 0°O 0000°99 
: s9 C*°0 0°O 0°O 0000°S9 
%9 G70 0°O 0°0 0000°%9 
£9 a°0 0°O 0°O 0000°E9 
29 aro 0°O 0°90 0000°29 
19 are o°o 0°0 0000°TS 
09 )°o 0°o 0*o0 0000°09 
6S 0rd 0°o 0°o 0000°6S 
8s 9°0 0°o 0°o 0000°9aS 
& 4s 000°0 0000°0= 0°0 0000°LS 
- #3 , 
{ 
t 
Rts ee Oe an my eye © EER 5 RNY CONC SOs ER ag 
— * ion ¢ : 3 = pee + 


S Ros x - 


"¢. mre 
wit ge ee Le, 


get 5° 0°00 0°90 0000’ scl 
cet o*e 0°O 0°0 0000*z2t 
yas 0°6 0°0 0°00 0006°92t 
set 9°o a9 o°0 eognes.* 
at nde) ots oes 3000% 82% 
€zt 0°0 0*o 0°S OO00°ELE 
2ut 0°0 o*0 0°0 o000*ezt 
tLt 0°0 0*O0 o°o 0000°TET 
oLt 0*0 0°0 0°0 eooeset 
691 0°0 0°90 0°O 0000°69T 
eof 0°0 o°o 0°O 0000°S9t 
2ot 0*0 0°0 0*0 oooe*2zst 
99t 0°0 0*3 0°o 0000°991 
sot 0°0 o°0 0*0 0000°SSIt 
991 0°O 0°o 0°O 0000°¢9t 
cor 0°0 0°0 0°0 0000°E9T 
29tT 0°O 070 o°o 0000°2ST 
tol e°0 0°O 0°0 o000° TST 
ost 0°0 0°0 0°0 0000°09T 
6st 0*0 0°0 0°o 0000°6ST 
est 0°90 6°0 0°0 0000°SST 
zst 0°0 0*0 0°0 oococ*lst 
9St 0°0 0°0 0%0 0000°9ST 
sst 0°0 0°0 0°o o000°SsSst 
est e°0 0°0 0°0 0000°¢ST 
est 0°0 0°0 0°0 0000°EST 
) est 0°0 0°0 0°o oooc*est 
tst 0°90 0°0 0°0 OO000*ISI 
ost 0°0 0°O 0°o 0000°0SI 
69t 0°0 0°0 0*0 0000°69T 
eet 0°90 0°0 0*0 0000°S¢t 
Zot 0°0 0°0 0°0 0000°z+T 
oet 0°0 0°0 0°0 0000°94f 
set 6°0 0°0 0°0 0000°S*T 
vol 0°0 0*0 0°0 0G00° rT 
€¢t 0°0 0*0 0°o O000°E YT 
2et 0°0 0°0 0°0 0000*2sT 
Tet 0°0 0°00 0°0 O00O* Ist 
Ort 0°0 0°0 0°0 0000* Ot 
6el 0*0 0*o 0°0 0000°6ET 
ect 0°0 0°O0 0°0 0000*°SEt 
¢ et 0°0 0°0 0°0 oooo*zLet 
9€l 0*0 0°0 o*o 0000°9Et 
set 0°0 0°O 0°0 0000°SET 
wet 0°0 0°06 0°o 0000* VET 
cel 0°0 0°0 0°0 O000*EEt 
2et 0°90 0°0 0*°0 0o00*cEet 
’ Tet 0°0 0°0 0°90 oo0o0*tet 
oct 0°0 0*O 0°O GoCco*oEet 
set 0°00 0°0 0°0 0000°621 
1 get 0°0 0°0 0°O 0000°se2T 
Let 0°0 0°o o°0 oo0o0*ze2t 
get 0°0 0°0 0°90 0000°S2t 
set 0°0 0°0 0°90 o000°s2t 
vet 0°0 0°0 0°0 0000° vet 
eet 0°0 0*0 0°90 0000°E2T 
zet 0°0 0°90 0°0 0000°2Z2T 
tet 0*°O 0°0 0°0 0000*t2t 
oet 0°O o*o 0°o 0000*0dT 
ott 0°0 0*0 0°90 0000°6IT 
ett 0°0 0°0 0°0 vooo*ert 


* 


ener ESSA ITE TERR A A AAR" n= = = hen, ea Rem RTs Ree Se ee ere Sel tydn atlNes soo oa 


ec2 0°60 o°0 G°0 0000°6E2 

ee2 0°0 0°0 0°0 oooc*st2 

4ez 0°0 0°O 0°o 0000°zLE2 

9£2 ord o°9 0°90 go0e*oe2 

st2 os c’c o°s ococ*se2 

: v2 6°0 0°0 0*0 0000* vez 
‘ €f2 0°0 0°0 0°0 0000*Ee2 
z2e2 e*o 0°0 0°0 o000°2ze2 

te2 0°0 0*0 0°0 ono0*te2 

‘ o¢c2 0°0 0°0 0*o 0000*0£2 
622 0°0 0°90 o0°0 0000*%622 

22 o*6 0°0 0°0 0000°S22 

L422 0°9 0°0 0°0 o000° 422 

922 00 0°0 Via) 0000*922 

se2 0*0 o°0 0°0 0000*S22 
22 0°0 0*°0 0°0 0000°e22 

; tz2 0°0 0°0 0°0 0000*e22 
| 222 0°0 a°0 o°4 0000°222 
} tee 0°0 0°0 0°0 oo00°t22 
oz2 0°0 0°0 0*°0 0000°%022 

@t2 0°0 0°0 0°0 0000°6t2 

st2 0*0 6°0 0°0 oooo*et2 

at2 0°0 0*0 0°0 oo00*zt2 

912 0°0 0°0 0°0 0000°9T2 

ste 0°0 0°0 0°0 0000°St2 

tz 0°0 0°0 0°0 0000°¢T2 

et2 0°0 0°0 0°o o000°et2 

2t2 0°0 0°0 0°O o000*2t2 

tte 0°90 0°0 0*0 0000°*TI2 

ote 0°0 0*0 0°0 0000°0t2 

602 0°0 0*0 0°0 0000*%602 

e02 0°0 0°0 0°0 0000°802 

102 0°0 0°0 0*0 0000*202 

902 0*0 0°90 eto 0000°902 

soz 0°0 0°0 0°o 0000°Sd2 

v02 0°0 0°0 0°0 0000*° #02 

02 0°0 0°0 0°0 0000°¢€02 

202 0°0 0*0 0°0 0000°202 

102 0°O0 0*°0 0°0 0000°to2 

: 002 0°0 0°0 0°0 0000°002 
66t 0*°0 0°0 0°0 0000°66% 

eet 0°0 0°o 0°O 0000°86t 

26t 0*0 o*0 vto 0000%z6t 

961 0°0 0°0 0°0 0000°96t 

Sol 0°90 0°0 ha) 0000°S6t 

vot 0°0 0°0 0°0 0000°%61 

C6l 0°0 0°09 ha) oo00°e6t 

26t 0°0 0*O 0*0 0000*26t 

tel 0°0 0°0 0*°0 0000°Té6t 

06T 0°0 0°0 0°0 0000°06t 

est 0*0 0°0 0°0 0000°68t 

eet 0°0 o°0 0°0 0000°s8st 

eet 0°0 0°0 0*0 0000*z8t 

9eat 0°0 0°0 0°0 0000°98I 

Sei 0°0 0°0 0°0 0000°Set 

vet 0*o 0°0 0°0 0000*¢St 

> est 0°0 0°0 0°09 cooocest 
2eT 0°0 0°0 0°0 oo000*zet 

tet 0°0 0°0 0°0 oo00*tat 

ost 0°0 0°0 0°0 0000°08T 

6Lt 0°0 0°0 0°0 0000%6zf 


renee aed +a eermericteginapemeryees pearpemen— er a memes <mmeeyreeee= ~ 
an nen TR PLDT OEE ni : : 


2 a TTR TET 


ooe ore 0*o 2°0 0000*90€ 

662 0*0 0°0 0°60 0000'662 

85z o°0 o°o 0°o 0006°862 

162 9°9 neg ote sonne 52 

$62 2°60 3°0 30 0005°962 

S62 0*°o 0°0 0°0 0000°S62 

#62 0°0 0°0 0*0 0006-762 \ 
€62 a°o 0*o 0°0 0000°€62 

262 0*o 0°o 0*0 0090°262 

16z 0°0 3°0 0°0 0000°162 ‘ 
062 0*o 0°0 0*°0 0000*062 

692 0°0 0*°o 0°0 6000*%682 

ge2 0*0 0*o 0*°0 oooc*ss2 

Le2 0*°0 0*0 0°0 0000*2e2 

982 0°0 0*0 0°0 0000°992 

Se2 0°0 0*o 0°O 0000°Se2 

e2 0*°0 0*°0 0°6 0000*e62 

€e2 0°9 ore o*0 0000°ES2 

282 0*0 0°0 0*0 0000*ze2 

tez 0°o 0*o 0*°0 0000° Tez 

oe2 0°0 0*o 0°0 0000*0e2 

6L2 0°0 0°0 0*0 0000°%622 

842 0°o 0°0 0°o 0000°822 

LL2 0°0 0° 0*o 0000°ZL2 i 
942 0°o 0°0 0*0 0000°922 i 
Siz 0°0 0*0 0*0 0000°SL2 

12 o*o 0*o 0*o 0000°¢22 

€L2 0°0 0°o 0°0 0000°E22 

222 0°0 0°0 0°0 0000*222 

tz2 0°0 0°0 0°0 0000°tz2 ! 
oL2 0*0 0°0 0°0 0000*%022 

692 0°6 0*o 0*0 0000°692 

892 0°O 0°0 0°0 0000°992 

192 0°0 0°0 0°0 0000°292 

992 0*0 0*°0 0*°0 6000°992 

$92 0*0 0°0 0°0 0000°S92 

#92 0°0 0°O 0°0 0090*992 

£92 0°0 0°0 0°0 0000°€92 

292 0°0 0°0 0*0 0000°292 

192 0*°0 0°0 0°0 0000*t92 

092 0°0 0°0 0°90 0000°092 

652 0°0 0°O 0° 0000 *6S2 

8s2 0°0 0°O 0*0 0000‘*8s2 

is2 0*0 o°o 0°0 0000°2S2 

9S2 0°0 0°0 0°0 0000°9S2 

ss2 0°0 0*0 0°6 0000°SS2 

*S2 0°0 0°0 0°0 0000°*S2 

€S2 0°0 0*0 0°0 0000°ES2 

262 0°0 0°O 0°0 0000°%s 

1S2 0°0 0°0 0°0 0000°tS2 

0s2 0°0 0°G 0°0 0000°0S2 

692 0°0 0°0 0° 0000*6¥2 

ee2 0°0 0*o 0°0 0000*e¥2 

Lv2 0°0 0°0 0°0 0000°292 \ 
9¢2 0°0 0°90 0*0 0000°992 ! 
See 0°0 0°o 0°0 0000°S#2 \ 
vez 0°0 0*0 0°0 0000°%%4%2 I 
€ez 0°0 6°0 0°0 0000°E v2 j 
2e2 0*0 0°0 0°0 0000°2¢2 
Iz 0°0 0°0 0°0 0000* #2 

ove 0°0 2°0 0°0 0000°0%2 


ca oe 


i 
t 
i 
{ 
H 
‘ 


ET SNES RETIRE A ery a nome = = 


* id Se: 


Hi . z 
ih ee ee ee ee 


19€ L02%°O €629°2€ oo00a*ee J0G0* IGE 
09€ 60L0°0- 60L0°2e 0000%2e 00290°09€ 
6SE 0000*0 Loz2°te Lozecte 0000°6SE 
: ese 0°O 620€°0E 6206°OE 0000°9SE 
4 ise 0°0 oou0*oe 0090°0€ o000%ZS¢ 
9s€ o*0 82~2°62 e242°62 0000°9S¢ 
Sse 0°90 0000°¢2 0000°82 0000°SSE 
, eSE 0°0 0000*S2 0000°S2 0000*9SE 
ese 2°0 0060*02 0000*o2 0000°ESE 
ese 0000°0 o000"sSt 0000°ST 0000°2S¢ 
TSE €120°0- €22s°ot 000S°oT Oooo tse 
Ose 8896°0 Zteo%s 0000°8 0000°0SE 
6vE Ssol’t S¥6E°9 0006°S 0000°6+Ee 
eve 0009°0- o0as*2 0006° 0000*eve 
LYE G0Ez* t= soc2*t 0°0 0000* ive 
9v€ LE9¥°0= L894°0 0°0 0000°9¥¢ 
Sve LLOO*O- 42460°0 0°0 0000°S¢vE 
eve 0000*0- 0000°0 0°0 00Gu*+9e 
} Eve of0 0*0 c°o 0000°E%E 
2ve 0°0 0°0 0°O 0000°2¢¢ 
lve 0*0 0°0 0°0 0000°tve 
Ove 0*°0 0°0 0°0 0000*OvE 
6ce 0°90 0°0 0°0 0000°6EE 
eee 0°90 0°0 0°0 0000°SEE 
Lee 0°0 0°0 0*0 0000°ZEE 
9ee 0°0 0°0 0*0 0000°9EE 
see 0°90 0°0 0°0 0000*SEE 
vee 0°0 0°0 0°0 0000* EE 
eee 0°0 0°0 0°0 0000*EEE 
2ce 0°0 0°0 0°0 0000°2EE 
: tee 0°0 0°o 0°0 o000° TEE 
oce 0°0 0'o 0°0 0000°OEE 
62E 0°0 0°0 0°O 0000°62E 
eee 0°0 6°G 0°0 0000°92E 
L2e 0°0 0°o 0°0 0000*%z2¢ 
92€ 0°0 0°0 0°0 0000°92€ 
s2e 0°0 0°o 0°0 0000°S2e 
42€ o°0 0°0 0°0 0000* ¥2¢ 
€2€ 0°0 0°0 0°0 0000°E2E 
22€ 0°0 0°0 0°0 0000°22€ 
: tee 0°0 0°0 0°0 0000°T2e 
. o2e 0°0 0°o 0°0 0000°02€ 
ole 0°0 0°0 0°0 0000°6TE 
ste 0°09 0°0 0°70 0000°ste 
. LTE 0°0 0°0 0°0 0000°zte 
9Te 0°0 0°0 0°0 0000°9TE 
ste 0°0 0°0 0°0 0000°STE 
; #Ie 0°0 0°o 0°0 0000* ste 
ele 0°0 0°0 0°0 o000*ElEe 
2te 0°0 0°0 0°0 oo0o*zte 
tte 0°0 0°0 0*0 Co00*TTE 
ore 0°0 0°o 0°0 0000°OTE 
60€ 0°0 0*°0 0°0 0000°60E 
BOE 0*0 0*0 0°6 0000*S0Ee 
. LOE 0*0 0*o 0°0 0000°Z0E 
90€ 0°0 0°90 o°0 0000°S0E 
Soe 0°0 0°92 0°0 0000°S0E 
*0€ 0°0 0°0 0°0 0000°40€ 
coe 0*0 0°0 o*o 0000°CGE 
20€ 0°0 0°0 0°0 0000°z0¢ 
Toe 0°0 0°0 0*0 0000°t0E 
a 
{ 
t eS eo 
1 a baa 
j 
} 
i ¢ : 
| 
— ace _ - et =) Ba Mortman ge: sae neo ie meng Se 


—— 5 i 
7 ! 1 7 = 
” 2 ns ~ : : ° : ~ PA fae J toe hehe! od? 5 ’ 


b : vi é 


vw 


t 


OLE 
69€ 
B9E 
L9€ 
99E 
S9E 
v9 
eo 
29o€ 


€900°0= 
zetord 
eRet*o 


OO0UrEE 
N00 "EE 
0000*° ECE 
onad*ee 
O0000°EE 
O000*EE 
EGUNTEE 
STH6S2E 
PTORPCE 


0000°EE 
Ou00°EE 
06000°EE 
0000°EE 
O000°EE 
O000"EE 
0000°EE 
O000°FE 
O0000°EE 


O000°OLE 
0000°69€ 
0000*uSE 
N000°L9E 
0000°99€ 
0000°SSE 
0000°99E 
O000°E9E 
0000°29€ 


DISTRIBUTION LIST 


Defense Documentation Center 20 
) Cameron Station, Bldg 5 
Alexandria, VA 22314 


rs 


>. Hughes Helicopter Co 

ae ° { MS T 22 B, ATTN: Michael R. Kane 5 
: Centinela Ave. At Teale St. 

. Culver City, CA. 90230 

& 


Prof. M. A. Chace 2 
University of Michigan 

1210 East Engineering 

Ann Arbor, MI 48109 


Commander 

Picatinny Arsenal 

loo ATTN: Technical Library 1 
Dover, N.J. 07801 


Commander 

Picatinny Arsenal : 

ATTN: Phillip E. Townsend 5 
Dover, N.J. 07801 


Commander 
Rock Island Arsenal (Technical Library) 1 
Rock Island, IL 61201 


mT we, f 


Commander 

4VSCOM Arsenal 

ATTN: PM-AAH, M. Corgia‘. 1 
1Zth & Spruce Streets 

St. Louis, MO 63166 


“| 


. | - 
eel nr a a a ld SET a EE CME pen 


oO 


Conmander 

Rock Island Arsenal 

ATIN: IBEA, R. Stickling 1 
Rock Island, Il 61201 


rs 


a 


| 
eek a 
en ep 


ce 
242 
Soe 


we he 


° 
v 


Le ri TNE a 


} 
4 
I 
’ 


A[[eofyszvanu sy vofyenba Jued{Nsar ayy “UozIeI01 FD 
wnip pue ‘uoz3eI02 BLD adey ‘UO;IeTsUeI. AV9queYyo ‘da 
-ysnx2 punoz ‘ZuzyxSOT Asqueyo ‘3oafe ‘pv0z Buypnto 
“Uy sUOTIEIadO 2Oz SAUNODDe UoTIeNbs sy, ‘uUMoYs st 
uodean ay2 Joy UOFIOU Jo UCTAeNbs Tex UIIAD33FP Wop 
-3923 jo aaiZap auo ay2 jo JuerdoTaAaIp s4yL *suoz JEN 
be ad103 21oqUeTY,P pezFTerouss 9y2 Buysn pedo[saeap 
S} UuodeIM KNOE-SMVIKY 242 IO, Tepou [eoxIewoyIen y 


$9z ‘s9an8zy your ‘so8eq 


LIO-LL-UL-a 3z0day TeoFUyoaL 


Nvylyos °8 
Yepow uodeay ‘Z auey "yy Teeyoty :Aq peszedarg 
aerZo1d 2zayndwop =*9 
poy3ea (O€-SMVOHV) W9ISKg UOdeaY z2qQT;TeD 
ao103 JtaquaTy,P “Ss wNy pay Paoueapy WHOL 2Y2 JO TepoR Teoyaeusyrey V 


uozAeAZaUy (eozAVUONN *y 
Tapou Teoyaemayyey = °f WZT9 ‘TI ‘puers] yoy ‘{euasay pue[sy yoy 
paizamod AT{euII3xXA «=*Z os-uvaud = (3594) KOJGVaNY 
astnduy yZtH "T Ax0yerogey suaysks suodeay z9qtTe) TlTecs 


GaIAISSVIONN “ON NOISSADOV av 


A[Teopsownu sz vozyenbs Juezypnsez ayy “uoz3e 3021 ceo 
whip pue ‘uoz{eI02 BRD Bory ‘UOFITSUeII Yoqueyd ‘dn 
-Yysnrzd punox *8uxAIOT raqueyo ‘2oafa ‘paaz SuzpnyTo 
“Uz SsUozsetado 10J SJUNODDE VoFIenba syy “uMoys sz 
vodean 342 207 voyI0a 3o UOFAeNbs [eyIAUIIIzZ3 7p sop 
=9923 jO 2a13ep oUo 3YyI yo JUaudoTaAVP oYyL *sUozIEN 
-ba 952103 319qQUaTY,P pazFTersUSs ayy Buysn podoforep 
SJ UOdEIM KHOE-SMVONV 242 203 ToOpou Teoypaeusy3zea vy 


69% ‘saan8zq Touy ‘soseg 


LTO-ZL-UL-Y Jroday Teopzuyooy 


NVULYOL = °8 
Jepom uodes4y °/ auey °u TeeyotR :4q parzederg 
upiZ0rd 2zagndmog *9 
poy3eu (QE-SMVOHV) S232SKkg vodes4 29q7TeD 
ao103 WaqusTy,P “Ss wNypay paourapy RHNOE FYI Jo Tepoy Teoy3eusayIey V 


UOFIVAZaIuy TEIpAsuNyN *y 
Tapom TeoFIewoYyIeH CE 1OZ1I9: «11 ‘PUBTS] Yoy ‘Teuasay pues; you 
pazamod Ayyeusz93xg *"Z Os-uvaud $= (3894) HOIGvaUV 
astnday u3tH °T K103e109e71 suazsks suodeay 2z29qTTeQ TEAS 


GALdISSVIONA “ON NOISSSDOV av 


ATTedfszsanu sz uozenbs queyzznsaz asyy ‘uoy3eIoI weD 
wnip pus ‘uoz3ejor wed aoey ‘uoz ester] szaqueys ‘dn 
-Ysnid punoa ‘ZuzyDoT Avsqueyo ‘Q9afa ‘paaz Buypnto 
<uy suoyyerzsdo 203 squnoDoe UoTZENba ayy ‘UMoYys sz 
uodean dy2 10j3 VoFIom j3oO VoFJenbse [eyIus19z3Z7p Bop 
-33913 JO VaIBZap suo dqq jo QuaadoTaADpP ayL *suoOFIEN 
-ba 90103 AraquaTY,P PeZFTeAIUIs ayI Buysn padoyTarap 
S¥ UodeOA KKOE-SMVOKY 2432 103 Topow Teoy3edsyzeu y 


soz ‘saan3zq [our ‘so8eg 


LIO-LL-Y1L-Y Azoday Teopuysay 


NvuLuod "8 
Tepow uodesy *f auey ‘a TaeyotR :4q parzedarg 
weigoid xza3ndmoy °9 
poy3ou (OL-SMVORV) warzshg uodeay anQyy{eED 
adloy JrzaqueTy,P “S UNT Pay psoueapy KNOL FYI JO TOPO TeopaeayweN v 


dopIeasaguy TeoyzsunN “4 


TeFoR TeozIeUsyzeW °C TOZI9 II ‘PUeTSY yoy ‘Teuasay purrs] Aoy 


pasamod ATpeursIxXY = *Z Os-uvaud (359m) KoDdVuXY 
astnduy y8tH *T Ar03er0gey sueasks suodevay zaqtyeg Treas 
Q3L1AISSVIONA “ON NOISSS99V Gv 


ATTeopAounu sz vozgenba yueypnsas syy ‘voz Ie or ueo 
wnip pue Suoz{e Ios wWeD avEZ ‘UOTZETSUeAI AsqueYys “dn 
-ysnid punoz *8uzyDoT azvsqueyd ‘Qodafa ‘paay BuypnTo 
<uy suozyezado x03 sJunodse vor Jenbs syy “UMOYS ST 
uodean ay2 203 uoTIoW Jo UoFJeNnbsa Te}yIUII9zz7P Op 
-331z3 jo vaxZap auo ayy Jo QudaudoToAdp ayy “suo; IEN 
~ba 9510; ArIqQudTY,P Pazz{exsuas ayy BSuysn padoTeasp 
S} vodecsa KNOE~SMVOKY 942 Oz Tapou TeoyIeNsyIeG y 


69z ‘saandzyz your ‘se8eq 


LIO~LL-YL-aY Jroday TeEopUydaL 


NvuLYyOt °8 
[apow uodeay *Z auey cy Taey tH 24q parzedarzg 
meaZoid 2z93ndwop 6*9 
poy zon (O£L-SMVONY) weasks uodeay szeqTTeED 
BdIOZ Yrsquety,P “Ss UNPpaR peoueapy KRNOE FI JO TEPoW TeoPIeUIyIeR V 


VoOFIersaquy TeoyzsonyN *y 
Tapou TespaeneyzeN “fC TOZT9 ‘1X ‘PULTS]T yoy “Teuasay puejysy yoy 
paranod AtTeuza3xq*Z os-uvaud § (489m) KOOdVYEY 
estnduy y8tH *T Azozerz0gey suaasks suodeay xz2qTleD [Teas 


GaLAISSVIONN “ON NOISSSOOV av 


*SIFASFAIJOeIeYO 10300 
“squauodmo> a10few ay2 10; a2103 
Xt IIFX JyI uzesqo o3 PaeerzZazuy 


SATIP UROUX 942 UO paseq sz UOTINTOS ayy 


“SOPISFAVOeALYD 2o30N 
pue ‘uozs Qeraza008 £KIZIOTIA ‘uozazsod jo asuodsa 


*squauodu0s 10fea ay AoJ BdIOZ 
+ BUy2 JYI UTeIGO 03 pagjezsaquy 


DATFAP UnoUy 949 UO pasrq sz UoTaNToS ayy 
pue ‘uoyaexzazaoor *A2yD0faA ‘uoTaysod jO asuodsa. 


*SOFISpAaQoRAeyd 20.02 
*squsuoduos sofem aya 103 90103 PAFAPD UNOUX 9YI UO paseq sq UOT3INTos ayy 
‘uozatsod yo asuodsaz SUF FYI UeIGO 02 pazeaaquy pue ‘uopaezazaooe ‘Xaz20T9A ‘uozazsod 3o asuodsa 


“SOP{SFAaQoOeAeYS 20Q0a 
PAyAP UNoUX dYyI Uo peseq sy voz3ntos aur “squauoduo> zofea aya 203 99303 
pue ‘uozzerzaqzacoe *£3;00Ta0 


4 SUFI 9YI UFBIGO 02 pajeasaauy 


{ 
\ 


Hy 
t 


